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PREFACE 
Each year  NASA supports research i n  var ious  d isc ip l inary  p rogram areas .  
The c o o r d i n a t i o n  and exchange o f  i n f o r m a t i o n  among those sponsored by NASA t o  
conduct  research s tud ies are impor tant  e lements of  the program. The NASA 
O f f i c e  o f  Space and T e r r e s t r i a l  A p p l i c a t i o n s ,  v i a  an A p p l i c a t i o n  N o t i c e  (AN) , 
has i n v i t e d  i n t e r e s t e d  i n v e s t i g a t o r s  t h r o u g h o u t  t h e  c o u n t r y  t o  communicate 
t h e i r  r e s e a r c h  i d e a s  f o r  t h e  t o p i c s  i d e n t i f i e d  i n  t h e  AN. The proposals  i n  
the Atmospheric Processes Research area selected and assigned to the NASA 
Marshal l  Space F l i g h t  C e n t e r ' s  (MSFC's) A tmospher ic  Sc iences  D iv is ion  fo r  
t e c h n i c a l  m o n i t o r s h i p ,  t o g e t h e r  w i t h  t h e  r e s e a r c h  e f f o r t s  i n c l u d e d  i n  the  
FY-81 MSFC Research  and  Technology  Operating  Plan (RTOP), were the source of 
p r i n c i p a l  f o c u s  f o r  t h e  p a r t i c i p a n t s  i n  t h e  NASA/MSFC FY-81 Atmospheric 
Processes Research Review held September 1-3, 1981 , i n  H u n t s v i l l e ,  Alabama. 
The p r i n c i p a l  p u r p o s e  o f  t h e  r e v i e w  was to  p rov ide  those hav ing  major  
research  ac t iv i t ies  sponsored by  NASA's Atmospheric  Processes  Research  Program 
and assigned t o  MSFC's A tmospher ic  Sc iences  D iv is ion  an  oppor tun i ty  to  meet 
and d i s c u s s  t h e i r  programs  and f u t u r e  p l a n s .  I n  a d d i t i o n ,  t h e  r e v i e w  p r o -  
v ided NASA Headquarters and MSFC Research Program Managers w i t h  a c u r r e n t  
s t a t u s  r e p o r t  p l u s  s u g g e s t i o n s  f o r  f u t u r e  r e s e a r c h  f o r  use i n  d e v e l o p i n g  
program  needs. The p r i n c i p a l  managers involved  were:  D r .  S h e l b y   T i l f o r d ,  
Atmospheric Processes Research Program and Upper AtmosphereResearch Program; 
D r .  James Dodge, Severe  Storms  and  Local  Weather  Research  Program; M r .  John 
Theon , Global Weather Research Program; and D r .  Nil 1 iam W .  Vauahan , MSFC 
Atmospheric  Processes  Research  Program. D r .  Robert  Turner  served  as  the 
c o o r d i n a t o r  f o r  t h e  r e s e a r c h  r e v i e w .  
Three  general  areas o f  NASA's Atmospheric  Processes  Research  Program 
were included  in  the  review:  Global  Weather,  Upper  Atmosphere,  and  Severe 
Storms  and  Local  Weather. The f i n a l  t i t l e s  o f  t h e  i n d i v i d u a l  p r e s e n t a t i o n s  
var ied  depending on t h e  p a r t i c u l a r  emphasis of   the  des ignated  speaker .  The 
t e c h n i c a l  a s p e c t s  o f  t h e  r e s e a r c h  e f f o r t s  were s t ressed and t h e  i n d i v i d u a l  
p resen ta t i ons  were  developed t o  p r o v i d e  t h e  r a t i o n a l e  f o r  recommendations 
on the  coming  year 's   research.  The agenda f o r  t h e  r e v i e w  i s  i n c l u d e d  a s  
an Appendix t o  t h i s  r e p o r t .  
There  were many research  top i cs  to  cove r ,  and it was i m p o r t a n t  t h a t  
each   pe rson   d i sc ip l i ne   h i s   p resen ta t i on   t ime .   Wh i le   t he   t ime   ava i l ab le  
d i d  n o t  p e r m i t  a l l  r e s e a r c h  t o p i c s  t o  be covered,  the  major i t y  were accommo- 
dated  dur ing  the  3-day  review. The organizers  endeavored  to  make the  rev iew  
j u s t  t h a t - a  r e v i e w  o f  t h e  maj.or aspects o f  t he  sponsored  research  ac t i v i t i es  
r e l a t i v e  t o  t h e  NASA program  aims. The rev iew was planned t o  be i n f o r m a l  t o  
pe rm i t  t he  maximum exchange  of i n f o r m a t i o n  among t h e  p a r t i c i p a n t s ,  i n s o f a r  
as p r a c t i c a l ;  and  a research team s p i r i t  d i d  p r e v a i l  and was f u r t h e r  enhanced 
by d iscuss ions.  To p r o v i d e  f o r  a fo l l ow-up  by  the  va r ious  pa r t i c i pan ts  and  
at tendees;  each invest igator  was requested  to  p repare  a b r i e f  n a r r a t i v e  
iii 
o u t l i n e  o f  h i s  r e s e a r c h  p r o j e c t .  The i n v e s t i g a t o r s '  u n e d i t e d  o u t l i n e s  
are assembled i n  t h i s  r e p o r t .  
It was recogn ized  tha t  t he  scopes o f  i n d i v i d u a l  r e s e a r c h  e f f o r t s  
comprise a wide range. Some are  very  modest  o r  have  been  under way f o r  o n l y  
a s h o r t  p e r i o d  o f  t i m e ,  whereas  o the rs  i nvo l ve  seve ra l  yea rs  o f  ac t i v i t y .  
However, t h e  o p p o r t u n i t y  t o  l e a r n  what  each i n v e s t i g a t o r  i s  d o i n g  and t o  
develop the team r e l a t i o n s h i p  n e c e s s a r y  f o r  a meaningful research program 
were   cons idered  most   impor tan t .   In   th is   con tex t ,  i t  i s  a p p r o p r i a t e  t o  
r e s t a t e  t h e  a i m  o f  NASA's O f f i c e  o f  Space and T e r r e s t r i a l  A p p l i c a t i o n s  
research  program; i t  i s  tobvard t h i s  a i m  tha t  a l l  research  sponsored by  
the  program  should be d i r e c t e d .  It i s  sumnarized  as  fol lows: 
The aim o f  the- research program o f  NASA's O f f i c e   o f  
Space and T e r r e s t r i a l  A p p l i c a t i o n s  i s  t o  e s t a b l i s h  
u s e f u l .  a p p l i c a t i o n s  o f  space techniques/technology 
t o  improve  condi t ions  here on Ear th.   Th is   a im i s  
p u r s u e d  t h r o u g h  p a r t n e r s h i p  e f f o r t s  w i t h  r e s p o n s i b l e  
m i s s i o n   a g e n c i e s   a n d   p r i v a t e   e n t i t i e s .   I n   o r d e r   t o  
e s t a b l i s h  u s e f u l  a p p l i c a t i o n s  and deve lop  add i t iona l  
t echn iques  and  capab i l i t i es ,  research  i s  conduc ted  
w i t h i n  NASA and w i t h  o t h e r  Government agencies, 
academic i n s t i t u t i o n s ,  and p r i v a t e  o r g a n i z a t i o n s .  
NASA approaches the  spec i f i c  near - te rm ob jec t ives  
through i t s  d i s c i p l i n e  programs  (which  include 
Atmospheric  Processes). 
R e c i p i e n t s  o f  t h i s  r e p o r t  on the NASA/MSFC  FY82 Atmospheric Processes 
Research Review are encouraged t o  communicate d i r e c t l y  w i t h  t h e  r e s p e c t i v e  
p r i n c i p a l  i n v e s t i g a t o r s  r e g a r d i n g  any s c i e n t i f i c  and  techn ica l  ma t te rs  o r  
quest ions  they  might  have on t h e  r e s e a r c h  e f f o r t s .  Any recommendations o r  
suggest ions concerning the program wil be welcomed. 
Wiliam W. Vaughan, Chief 
Atmospher ic  Sciences  Div is ion 
Space Sciences Laboratory 
NASA, Marshal l  Space F l i gh t   Cen te r  
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SECTION 1. UPPER ATMOSPHERIC RESEARCH 
The NASA program of Upper  Atmospheric  Research,  developed 
under the Congressional mandates in the FY 1976 NASA Authorization 
Act and  the Clean Air Act  Amendments of 1977, is a comprehensive 
program of research, technology and monitoring. It is aimed at ex- 
panding the scientific understanding of the earth's stratosphere and 
mesosphere and at developing the ability to assess potential threats 
to the upper atmosphere. 
Shelby Tilford 

TITLE: POLYATOMIC  MOLECULE DECOMPOSITION I N  THE STRATOSPHERE DURING A 
GEOMAGNETIC STORM 
RESEARCH INVESTIGATORS: Kyo Sekihara 
ES83 
NASA/MSFC 
H u n t s v i l l e ,  Alabama  35812 
(205)  453-2463 
SIGNIFICANT ACCOMPLISHMENTS  FY 81: 
Some successful  case studies were completed on the stratospher ic temperature 
responses t o  a . s o l a r  p r o t o n  e v e n t  and a geomagnetic  storm. I n  t h e  geomagnetic 
storm case, the temperature response was observed a t  the  t ropopause leve l  i n  
some a u r o r a l  zone reg ions .  
I n  GASP o b s e r v a t i o n s  t h a t  were made by chance during a geomagnetic storm time, 
a temperature  decrease, a CO concent ra t ion   inc rease,  and an 0 concent ra t ion  
decrease occurred simultaneously i n  t h e  l o w e r  s t r a t o s p h e r e  i n  ?he po la r  reg ions .  
Rad ioac t i ve  coo l i ng  due to  po lya tomic  molecu le  decompos i t ion  in  the  upper  layers  
i s  proposed  as a poss ib le  mechanism. The decomposi t ion i s  hypo thes i zed   t o  be 
caused by the bombardment o f  s low secondary  e lec t rons  tha t  were produced by the 
auroral   X-rays.  A f e a s i b l e   l o g i c   i s   d e v e l o p e d .  
Aurora l  X-ray t r a n s f e r s  were c a l c u l a t e d  t a k i n g  t h e  compton  softened  component 
in to  account .  It was found  that   because  o f   the  s low  decay  ra te  dur ing  t ransmiss ion 
l a r g e  enough concentrat ions of  aurora l  X-rays remained below 20 km t o  produce 
the  GASP o b s e r v a t i o n s  r e s u l t s .  
CURRENT FOCUS OF RESEARCH WORK: 
Observat ional  conf i rmat ion of  the polyatomic molecule decomposi t ion dur ing 
geomagnetic  storm i s  the  cur ren t  concern .  Measurements o f  C O 2 ,  H20, and O3 
and temperature by airplane are the main requirements.  
PLANS FOR FY 82: "- 
Recommendations f o r  New Research: 
(1 )  Es t imat ions  o f  bo th  the  magn i tude and e x t e n t  o f  the magnet ic  s torm ef fect  
( 2 )  E s t i m a t i o n s  o f  t h e  i n f l u e n c e  o f  t he  tempera tu re  mod i f i ca t i on  on the  general 
on temperature.  
c i r c u l a t i o n .  
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L IST  OF PUBLICATIONS PREPARED SINCEJUNE .~ 1980: . 
Sekihara, K. Polyatomic  Molecule  Decomposit ion i n   t h e   S t r a t o s p h e r e   D u r i n g  
Geomagnetic  Storms.  (Presented a t  AGU Spr ing  meet ing May 26, 1981, Ba l t imore ,  
and t o  be submi t ted  to  J .  Geophys. Research) 
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TITLE: ATMOSPHERIC EMISSIONS PHOTOMETRIC IMAGER ON SPACELAB 
RESEARCH INVESTIGATORS: 
Spacelab 1 
D r .  S. B. Mende - P r i n c i p a l   I n v e s t i g a t o r   ( 4 1 5 )  493-4411, E X t .  5786 
Lockheed Palo A1 t o  Research Laboratory 
Pal o A1 to ,  CA 94304 
D r .  R. H. Eather - Co-Investigator  (617)  969-0100 
Department o f  Physics,  Boston Col lege 
Chestnut Hill, MA 02167 
K. S. C l i f t o n  - Co- Inves t iga tor   (205)  453-2046 
B. J. Duncan - Co-Investigator  (205)  453-0109 
D r .  R. J. Naumann - Co-Investigator  (205)  453-0904 
D r .  D. L.  Reasoner - Co-Investigator  (205)  453-3037 
D r .  G. R.  Swenson - Co-Investigator  (205)  543-3040 
Space Sciences  Laboratory 
NASA/Marshall Space F l i g h t   C e n t e r ,  AL 35812 
Future Space1 ab 
D r .  S .  B .  Mende - P r i n c i p a l   I n v e s t i g a t o r   ( 4 1 5 )  493-4411,  Ext. 5786 
D r .  W. G. Sandie,  Co-Investigator  (415)  93-4411,  Ext. 5638 
Lockheed Palo A1 t o  Research Laboratory 
Pal o A1 to ,  CA 94304 
D r .  R .  H. Eather ,   Co- Invest igator  
Physics  Department,  Boston  College 
Chestnut Hil , MA 02167 
(617)  969-0100,  Ext. 3595 
D r .  G .   R .  Swenson, Co-Investigator  (205)  453-3040 
K. S. C l i f t o n ,   o - I n v e s t i g a t o r   ( 2 0 5 )  453-2305 
S.pace Sciences  Laboratory 
NASA/Marshall  Space F l i g h t   C e n t e r ,  AL 35812 
D r .  P. M. Banks, Co- Inves t iga tor  
Physics  Department 
U t a h  S t a t e  U n i v e r s i t y  
Logan, UT 84322 
(801) 752-4100, Ext.  7761 
D r .  M. Mend i l l o   (617 )  353-2040 
Department o f  Astronomy, Boston Universi ty 
Boston, MA 02215 
D r .  R. O r v i l l e  
Department o f  Atmospheric Science 
The U n i v e r s i t y  of A1 bany 
Albany, NY 12222 
(518)  457-3935 
D r .  John  Meaburn 
Department of Astronomy, U n i v e r s i t y  o f  Manchester 
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SIGNIFICANT ACCOMPLISHMENTS FY-80: 
The Imager was proposed and accepted as a Spacelab 1 experiment. 
Several experiments have been proposed f o r  f u t u r e  m i s s i o n s  a n d  t h o s e  have 
been  accepted f o r  d e f i n i t i o n .  The Imager   as  conf igured  for   Spacelab 1 
has  two  opt ica l   channels .  The TV channel  has a s e l e c t a b l e  6" o r  20" FOV 
and  uses  an  image i n t e n s i f i e r  i n  s e r i e s  w i t h  an SEC v i d i c o n  t e l e v i s i o n  
tube.  This  channel i s  sequenced  by a dedicated  computer so s e n s i t i v i t y  
a n d   s i g n a l   t o   n o i s e   c a n   b e   o p t i m i z e d   f o r   t h e   s c i e n t i f i c   o b j e c t i v e s .  The 
second  channel  includes a 10 x 10 -channel   photon  count ing  array  which 
i s  b o r e  s i g h t e d  w i t h  t h e  h i g h e r  r e s o l u t i o n  TV. The ins t rumen t   i nc ludes  
i t s  own p o i n t i n g  system and experiment developed software f o r  optimum 
exper iment   con t ro l .  The r e s p o n s i b l e   i n s t i t u t i o n s   i n c l u d e  LMSC f o r  t h e  
o p t i c a l  system  and MSFC f o r  t h e  p o i n t i n g  system,  computer,  software, 
and  environmental   test .  
T h i s  p a s t  y e a r ' s  a c t i v i t y  was focused on f a b r i c a t i o n  and v e r i f i c a t i o n  
o f  t h e  f l i g h t  hardware  and  software  systems.  Several  design  and  fabrica- 
t i o n  i m p a c t s  have r i sen  f rom launch load increases  and sa fe ty  ru le  changes 
wh ich  impact  po in t ing  exper iments .  
I n  February, MSFC hosted a ' A E P I  r e f l i g h t '  i n v e s t i g a t o r s  m e e t i n g  t o  
co l l ec t   t he   exper imen ta l   requ i remen ts   o f   t he   'Fu tu re '   space lab  A E P I  team. 
R e f 1  i g h t  o b j e c t i v e s ,  i n c l u d i n q  a broad range of thermospheric, mesospheric, 
and tropospher ic emission sensing, were presented by each Co-Invest igator 
a t t e n d i n g .  R e f l i g h t  p l a n n i n g  has  ceased a t  l e a s t  t e m p o r a r i l y  due t o  b u d g e t  
changes i n  t h e  S p r i n g  o f  1981. 
We gave c o n s i d e r a b l e  a t t e n t i o n  t o  image detect ion dev ices which would 
rep lace   t he  SEC image t u b e  o n  r e f l i g h t .  We temporar i ly   postponed an e f f o r t  
aimed a t  uparading the 10 x 10 d i o d e  a r r a y  t o  a h i g h  r e s o l u t i o n  i m a g e r  i n  
f a v o r  o f  e x i s t i n g  d e v i c e s .  C u r r e n t l y  a t t e n t i o n  i s  b e i n g  g i v e n  t o  p r o x i m i t y  
focused image i n t e n s i f i e r s  mated t o  a v a i l a b l e  CCD and C I D  s o l i d  s t a t e  i m a g e r s .  
CURRENT FOCUS : 
1. C o n t i n u e  t o  t e s t  e x p e r i m e n t  h a r d w a r e  f o r  d e l i v e r y  t o  i n t e g r a t i o n  i n  
January,  1981. 
2. T r a i n  t h e  f l i g h t  c r e w  on exper iment   operat ions  and  assoc iated  data 
i n t e r p r e t a t i o n  f o r  t h e  S p a c e l a b  1 miss ion .  
3. Develop  ground  operat ion  hardware  and  sof tware  for   Spacelab 1. 
4. Exper iment  wi th  technological   improvements i n  low 1 i g h t  l e v e l  images 
on g round  and  ba l l oon  bo rne  sc ien t i f i c  app l i ca t i ons .  
PLANS FOR FY-81: 
1. Continue 1 & 2 above u n t i l  d e l i v e r y  t o  i n t e g r a t i o n .  
2. Spend considerable  t ime on POCC a c t i v i t y .  
3. Ma tu re   f u tu re   m iss ion   p lans .  
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4. Experiment w i t h  imaging devices and image processing. 
". RECOMMENDATIONS FOR NEW RESEARCH: 
Pursue detector  development for  Sa te l l i t e  appl ica t ion  to  fa in t  source  
atmospheric emissions i n  UV-VIS-near IR Wavelengths. 
PUBLICATIONS 
Sandie, W .  G . ,  S. B. Mende, G. R .  Swenson, M. E. Po l i tes ,  "Atmospheric 
Emissions  Photometric Imager Experiment (AEPI) for Spacelab 1," 
Proceeding of SPIE conference, Feb. 9-13, Los Angeles, 265-38. 
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SECTION I I .  GLOBAL WEATHER RESEARCH 
The NASA program of Global Weather Research is to develop an 
improved  capability for making global  observations of meteorologically 
important  parameters in order to increase the understanding of the 
complex processes which influence the large-scale  behavior of the 
atmosphere. 
John  Theon 
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THE OBSERVED  STRUCTURE OF GLOBAL WEATHER PHENOMENA -- 
PROSPECTS  FOR  PREDICTION  BASED ON SATELLITE DATA 
John A. Dutton,  Professor  of Meteorology (814-865-1534) 
John H. E. Clark,  Associate Professor of Meteorology, (814-863-1581) 
The  Pennsylvania  S ta te  Univers i ty  
Univers i ty   Park ,  PA 16802 
Goals  of  the Research 
”-
The goa l  o f  ou r  r e sea rch  a t  Penn State is t o  combine the  obse rva t iona l  
c a p a b i l i t i e s  of sa te l l i t e  systems with dynamical knowledge and principles 
t o  ob ta in  an  enhanced  capab i l i t y  fo r  unde r s t and ing  and p r e d i c t i n g  t h e  
s t r u c t u r e  and evolut ion of  global  weather  phenomena. 
I n i t i a l  r e s e a r c h  e f f o r t s  h a v e  b e e n  d i r e c t e d  a t  i d e n t i f i c a t i m  of 
c y c l i c  phenomena, such a s  the  zona l  i ndex  cyc le ,  and t h e  d e t e r m i n a t i o n  
o f  concomi tan t  in te rac t ions  be tween the  mot ion  and  hea t ing  f ie lds .  These  
s tud ie s  have  po in ted  the  way t o  modeling e f f o r t s  ( d e s c r i b e d  i n  a n  
accompanying report) aimed a t  de te rmining  prec ise ly  how t r a n s i t i o n s  are 
control led and to  development  of  a conceptua l  approach  for  pred ic t ing  
evo lu t ion  o f  long-wave s t r u c t u r e  u s i n g  satel l i te  da ta .  They a l s o  p o i n t  
t o  some p o t e n t i a l l y  f r u i t f u l  i n v e s t i g a t i o n s  f o r  t h e  AGCE e f f o r t .  
Significant  Accomplishments - and Current  Focus  of  Research - 
The e f f o r t s  o f  t h e  l a s t  year  have been devoted to  s tudy of  empir ical  
r e l a t i o n s  be tween  g loba l  s ca l e  cyc l i c  phenomena using both convent ional  
and s a t e l l i t e  data and to development of t he  ou t l ine  o f  a p r e d i c t i o n  
scheme f o r  l a r g e - s c a l e  g l o b a l  phenomena. 
We have  focused  our  e f for t s  on  phenomena a s soc ia t ed  wi th  the  win te r -  
t i m e  c y c l i c  b e h a v i o r  o f  t h e  s t r e n g t h  of t he  zona l  component  of t h e  wester- 
l i es  ( the   zonal   index   cyc le) .   There  are t h r e e  d i s t i n g u i s h a b l e  o s c i l l a t i o n s  
p r e s e n t  i n  mid- and  high-lat i tude  a tmospheric   f low:  short-per iod ( 4  days) 
c y c l e s  a s s o c i a t e d  w i t h  t r a v e l l i n g  s h o r t  w a v e s ,  t h e  l o n g e r  c y c l e  (8 t o  
1 0  d a y s )  a s s o c i a t e d  w i t h  t h e  t r a v e l l i n g  d i s t u r b a n c e s  w i t h  wave-numbers f i v e  
t o  s i x ,  and a longe r -pe r iod  osc i l l a t ion  (20  - 30 days ,  the  index  cyc le)  
a s s o c i a t e d  w i t h  t h e  q u a s i - s t a t i o n a r y  long-waves. 
A s imple  dynamica l  exp lana t ion  u t i l i ze s  the  the rma l  wind concept  to  
a rgue  tha t  reduced  eddy t ransfer  of  hea t  dur ing  the  s t rongly  zonal  par t  
of t he  cyc le  induces  inc reas ing  shea r  o f  t he  zona l  i ndex  and t h u s  i n s t a -  
b i l i t y .  The  ampl i fy ing  edd ie s  inc rease  the  mer id iona l  hea t  t r ans fe r  and 
reduce  the  thermal  grad ien t ,  thus  reducing  the  s t rength  of t he  zona l  com- 
ponent  and  the  eddies  d iminish ,  s ta r t ing  the  cyc le  aga in .  
The modern mathemat ica l  v iew of  th i s  process  involves  the  sequence  of  
b i f u r c a t i o n s  t h a t  a p p e a r  i n  f o r c e d  m o t i o n .  I n  g e n e r a l ,  f o r  weak  axisym- 
metcic h e a t i n g  t h e r e  is  a l a rge - sca l e  symmetric so lu t ion .   Wi th   increased  
h e a t i n g ,  t h e  symmetric s o l u t i o n  g i v e s  way t o  a three-dimensional  per iodic  
s o l u t i o n .  W i t h  f u r t h e r  i n c r e a s e  i n  h e a t i n g ,  t h e r e  is a subharmonic  bifurca- 
t i o n  t o  a m u l t i p l e  p e r i o d i c  s o l u t i o n .  I n  F o u r i e r  p h a s e  s p a c e ,  t h i s  sub- 
harmonic  b i furca t ion  may be represented by the appearance i n  the  longe r  
wave leng ths  o f  an  ene rgy  cyc le  tha t  o sc i l l a t e s  w i th  a per iod two, t h r e e ,  
o r  f o u r  times as long as t h e  b a s i c  p e r i o d .  T h i s  p a t t e r n  a p p e a r s  t o  
co r re spond  to  a cyc lon ic  pe r iod  o f  some 5 days,  a subharmonic period of 10 
days,  and an index  cycle  of 20 days.  The evolut ion of  the energy spectrum 
of t h e  f l o w  i n t o  q u i t e  d i f f e r e n t  f o r m s  for high and low index regimes has 
been demonstrated by our  e m p i r i c a l  s t u d i e s .  
In  both the s imple dynamical  and the mathematical  view,  the develop-  
ment  and maintenance of  the longer-per iod osci l la t ion i s  a r e s u l t  of t h e  
f o r c i n g  by d i f f e r e n t i a l  h e a t i n g  e x c e e d i n g  a c r i t i ca l  va lue .  This  cor res -  
ponds with the observed fact  that t h e  m u l t i p l e  p e r i o d i c  f l o w  is a winter- 
t i m e  phenomenon. 
P l a n s  f o r  FY-82 and Beyond 
""
The importance of b e t t e r  r e s o l u t i o n  o f  t h e  g l o b a l  s c a l e  h e a t i n g  f i e l d  
and t h e  p o s s i b i l i t y  of long- te rm forecas ts  are both demonstrated by these  
o b s e r v a t i o n a l  r e s u l t s .  
The main d r iv ing  fo rce  fo r  a tmosphe r i c  mot ion  on  the  g loba l  scale i s  
the  mer id iona l  t he rma l  con t r a s t  be tween  the  low- la t i t ude  and po la r  r eg ions .  
Our o b s e r v a t i o n a l  r e s u l t s  show t h a t  v a r i a t i o n s  i n  m e r i d i o n a l  h e a t  f l u x  
are c l o s e l y  a s s o c i a t e d  w i t h  t h e  i n d e x  c y c l e .  S a t e l l i t e  m e a s u r e m e n t s  of 
ou tgo ing  r ad ia t ion  ove r  t he  po la r  cap  do not appear to be as c l o s e l y  
assoc ia ted   wi th   the   dynamica l   p rocesses .  However, t h e s e  are but  two pro- 
c e s s e s  i n v o l v e d  i n  t h e  en t i r e  thermal budget of the polar cap, and we are 
now a t t e m p t i n g  t o  r e s o l v e  t h i s  b u d g e t  more a c c u r a t e l y .  Our present   opinion 
i s  t h a t  sa te l l i t e  reso lu t ion  of  the  polar  cap  hea t  budget  may provide 
impor tan t  ind ica tors  of  impending  f low t rans i t ions .  
The o s c i l l a t i o n  of the energy containing components of the spectrum 
wi th  both  a bas ic  and  a subharmonic per iod suggest  that  an at tempt  be 
made t o  p r e d i c t  t h e  e v o l u t i o n  of these  components  of  the  flow.  Such a 
p r e d i c t i o n  would be aimed, not a t  loca l  wea the r  cond i t ions ,  bu t  a t  g loba l  
phenomena. Blocking may be  viewed as  a m a n i f e s t a t i o n  of the  low-index 
p a r t  o f  t he  cyc le  and such a p red ic t ion  migh t  fo recas t  bo th  the  onse t  
and des t ruc t ion  o f  ma jo r  b lock ing  pa t t e rns .  
An a t t r a c t i v e  a p p r o a c h  i s  t o  c o n s i d e r  t h e  p o t e n t i a l  v o r t i c i t y ,  which 
Ertel's theorem demonstrates i s  a material and g l o b a l  i n v a r i a n t  f o r  i s e n -  
t r o p i c  a n d  i n v i s c i d  f l o w .  C h a n g e s  i n  p o t e n t i a l  v o r t i c i t y  t h u s  r e f l e c t  
hea t ing  o r  coo l ing .  The poten t ia l  vor t ic i ty  theorem can  be  conver ted  v ia  
approx ima t ions  va l id  fo r  small Rossby number and la rge  Richardson  number 
into the quasi-geostrophic  equat ion,  which governs an approximate form of 
the   po ten t i a l   vo r t i c i ty .   Wi th in   t he   con tex t   o f   quas i -geos t roph ic   t heo ry ,  
t h e  p o t e n t i a l  v o r t i c i t y  i s  de termined  so le ly  by t h e  t e m p e r a t u r e  f i e l d ,  and 
thus   can   be   measured   by   sa te l l i t e ' soundings   a long .   Spec t ra l   t echniques   can  
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t hen  be  used  to  p roduce  p red ic t ions  o f  t he  evo lu t ion  o f  t he  longes t  waves, 
u t i l i z i n g  sa te l l i t e  observa t ions  of  i n i t i a l  f i e l d s  and heat ing rates. 
It i s  t h u s  a t t r a c t i v e  t o  a t t e m p t  t o  c o n s t r u c t  a s p e c t r a l  model f o r  
p red ic t ing  g loba l  wea the r  phenomena. Such a model i s  c e r t a i n l y  n o t  immune 
t o  t h e  n o n l i n e a r  e f f e c t s  t h a t  d e s t r o y  p r e d i c t a b i l i t y  i n  convent ional  
models ,  but  these problems can be reduced by r e d e f i n i t i o n  o f  p r e d i c t a b i l i t y  
and by su i tab le  parameter iza t ion  of  energy  f luxes .  
The r e d e f i n i t i o n  i s  an  impor t an t  and  non t r iv i a l  s t ep .  P red ic t ions  
o f  l oca l  wea the r  are usua l ly  judged  on  the  phase ,  no t  the  ampl i tude ,  of 
t h e  f o r e c a s t .  Late a r r i v a l  o f  a developing  cyc lone  produces  forecas t  e r ror .  
But i f  w e  restrict o u r  i n t e r e s t  t o  a c o r r e c t  p r e d i c t i o n  o f  t h e  d i s t r i b u t i o n  
of  spectral  energy and ignore phase,  then we may have a c o r r e c t  p r e d i c t i o n  
w i t h i n  t h a t  framework even though phase errors were se r ious .  We thus  t ake  
a d v a n t a g e  o f  t h e  f a c t  t h a t  spectral  energies  evolve s lowly while  phases  
can  va ry  r ap id ly  wi th  r e spec t  t o  wave  number and t i m e .  Such a r e s t r i c t i o n  
t o  s p e c t r a l  e n e r g i e s  i s  indeed  appropr ia te  in  the  a t tempt  to  de te rmine  f low 
t r a n s i t i o n s ,  o r  t h e  c o u r s e  o f  t h e  i n d e x  c y c l e .  
Such a model  could  not  pred ic t  evolu t ion  of  the  energy  spec t rum cor rec t ly  
without  a t  least  an approximate vers ion of  the spectral  energy f luxes from 
smaller-scale   systems.   These  f luxes  depend  on  phase  re la t ions among the  
Fourier components, but i t  may b e  p o s s i b l e  t o  o b t a i n  a s t a t i s t i c a l l y  c o r r e c t  
parameter iza t ion .  We are  explor ing  two i n n o v a t i o n s  i n  t h e  a r c h i t e c t u r e  of 
s p e c t r a l  m o d e l s  w i t h  t h e s e  i d e a s  i n  mind.  The f i r s t  i n v o v l e s  u s e  of empir ica l  
o r thogona l  func t ions  to  r e so lve  the  l a rge - sca l e  dynamics  of the f low adequately 
wi th  a l i m i t e d  number of  bas ic  func t ions .  The second is a method of us ing  
obse rved  o r  mode l  r e su l t s  t o  deve lop  a parameter iza t ion  of t h e  s t a t i s t i c a l  
e f f e c t  o f  t h e  smaller components on the  l a rge - sca l e s  w e  hope t o  p r e d i c t .  
P u b l i c a t i o n s  
M i t c h e l l ,  K. E . ,  and J. A. Dutton,  1981:  Bifurcations  from  Stationary  to 
P e r i o d i c  S o l u t i o n s  i n  a Low-Order Model of  Forced ,  Diss ipa t ive  Baro- 
t r o p i c  Flow. J. Atmos. Sc i .  , k, 690-716. - ~ -  
Dutton, J. A. ,  1982:  Fundamental  Theorems  of Climate Theory -- Some Proved 
Some Conjectured.  SIAM Review, i n  press. 
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MULTI-PERIOD  SPECTRAL  MODELS OF GLOBAL PHENOMENA 
Inves t iga to r s :   John  H. E .  Clark 
513 Walker Building 
Univers i ty   Park ,  PA 16802 
814-863-1581 
John A. Dutton 
504 Walker Building 
Univers i ty   Park ,  PA 16802 
814-865-0478 
SIGNIFICANT ACCOMPLISHMENTS FY-81 
A major goal of o u r  e f f o r t  t o  u t i l i z e  s a t e l l i t e  o b s e r v a t i o n s  t o  
understand global  weather  phenomena is the  deve lopment  of  theore t ica l  ideas  
tha t  can  be  ve r i f i ed  and  mod i f i ed  by the use of  sa te l l i t e  obse rva t ions .  We 
have  cons t ruc ted  a number o f  spec t r a l  mode l s  t o  test ideas  about  the  a tmospher ic  
index  cyc le  and  b locking  pa t te rns .  Eventua l ly  w e  p l a n  t o  u s e  more r e a l i s t i c  
p a t t e r n s  of heat ing which are derived from sa t e l l i t e  e a r t h  r a d i a t i o n  b u d g e t  
obse rva t ions .  
An impor tan t  par t  of ou r  t heo re t i ca l  e f fo r t  has  been  devo ted  to  unde r s t and ing  
t h e  mechanisms whereby the zonally-symmetric Hadley flows break down i n t o  t h e  
wavel ike  Rossby  pa t te rns  typ ica l  o f  mid  'and h i g h  l a t i t u d e s .  The Hadley  flow 
is d r iven  by e x t e r n a l  r a d i a t i v e  h e a t i n g  a n d  t o  a lesser e x t e n t  by l a t e n t  h e a t i n g  
a e q u a t o r i a l  l a t i t u d e s .  The  Rossby p a t t e r n  seems t o  e v o l v e  when the zonal  winds 
associated with the Hadley regime become b a r o c l i n i c a l l y  u n s t a b l e .  M r .  Harry 
Henderson has successfully developed a two-dimensional spectral  model, based 
on the Boussinesq equat ions,  of  the Hadley f low in a cyc l indr ica l  geometry  
wh ich  s imula t e s  t he  ea r th ' s  sphe r i ca l  geomet ry .  Rad ia t ive  hea t ing  i s  based on 
obse rva t ions  of  Dutton  (1976)  and  eddy  viscosity i s  a l lowed  for .   This  is one 
o f  t h e  f i r s t  e f f o r t s  w e  know of t h a t  h a s  b e e n  a b l e  t o  model the Hadley regime 
i n  as much d e t a i l .  An a n a l y s i s  was t h e n  performed of t h e  s t a b i l i t y  of t h e  s o l u t i o n s  
to  quas i -geos t rophic  wavel ike  d is turbances .  M r .  Henderson  has   been  able   to  
model i n  d e t a i l  t h e  t r a n s i t i o n  o v e r  t o  t h e  Rossby  regime  by t h i s  a n a l y s i s .  
Fig. (1)shows i n  d e t a i l  t h e  t r a n s i t i o n  r e g i o n  b e t w e e n  t h e  r e g i m e s  and d e p i c t s  
the regions of the Rossby regime that are dominated by var ious horizontal  
wavenumbers. We were n o t  a b l e  t o  e x t e n d  t h e  a n a l y s i s  i n t o  t h e  area of l a r g e  
h e a t i n g  or  thermal Rossby  number Ro t o  i n v e s t i g a t e  t h e  t r a n s i t i o n  b a c k  t o  a 
symmetr ic  Hadley regime because the solut ions for  Hadley regime did not  T 
converge  wi th  la rge  hea t ing .  
Studies of the Hadley and Rossby regimes similar t o  t h e  a b o v e  i n  much 
s impler  geometr ies  revea l  tha t  the  t rans i t ion  be tween var ious  wavenumbers i n  
t h e  Rossby  regime is  no t  a c l e a r c u t  l i n e  as a p p e a r s  i n  F i g .  (1) b u t  o c c u r s  i n  
a zone,  Lorenz  (1962).  For  instance i n  t h e  t r a n s i t i o n  b e t w e e n  wave  n and n+l  
t h e r e  is a r eg ion  where  e i the r  wave can  dominate  and  the  f ina l  t rans i t ion  f rom 
n t o  n + l  o c c u r s  a l o n g  a l i n e  which d i f f e r s  from tha t  fo r  t he  swi t ch -ove r  f rom 
n + l   t o   n *   T h i s   h y s t e r e s i s  is  a common geophysical  phenomenon.  The atmosphere  can 
probably  be  charac te r ized  as o c c a s i o n a l l y  l y i n g  i n  such zones of t r a n s i t i o n  a n d  t h e  
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500 mb flow pattern  could  be  highly  transitory. 
A two-level  spectral  quasi-geostrophic  model 
has  been  constructed  to  look  at  the  detailed 
structure  of  the  wavenumber.transitions n 
the  Rossby  regime. So far we have  been  able 1 
to  find  the  non-linear  steady  Rossby  solutions 
and  have  discerned  the  regions  of  the  Rossby 
regime  dominated  by  each  wavenumber. 
model is unique in that  it is valid  for This a h 
spherical  geometry  with  full  account  for  the 
variability  of  the  Coriolis  parameter  taken 
into account. We plan to integrate the 0.l 
spectral  equations in the  vicinity  of  the 
- 
of  the  flow  patterns. 
transition  regions  to  determine  the  nature 
I I I I 
Two quasi-geostrophic  phenomena  w h IO ldb /ooa 
we  have  been  especially  interested in are Fig, 1, Hadley and Rossby regimes. 
the index cycle and blocking patterns. Charney Ro i s  thermal Rossby number 
and  Devore  (1979)  have  recently  shown  that  an3 5 is  Ekman  umber. 
the  mechanisms  governing  the  establishment  of 
blocking  patterns  can  be  simulated  with  a 
simple  two-layer  quasi-geostrophic  model.  They  show  that  such  a  model  can  have 
under  certain  conditions  multiple  steady  state  solutions  and  the  atmosphere 
can  switch  over  from  one  to  the  other  via  an  instability  of  an  intermediate 
state  which  is  induced  by  orography.  We  have  developed  a  similar  model  to 
look  at  the  blocking  phenomenon  in  more  detail  and  to  determine  whether  the 
index  cycle  can  arise  due  to  an  instability  of  one  of  the  steady  states o 
a  periodic  solution,  a  Hopf  bifurcation.  Some  features  of  our  model  are: 
it  is  spectral  with  one  east-west  wavenumber  and  a  mean  flow  represented 
at  two  levels 
the  waves  are  confined  to  lie in a mid-latitude  B-plane  channel  bounded 
at 30 and 60°N 
orographic  forcing of the  flow  at  a  single  wavenumber  is  allowed  for 
radiative  forcing  is  specified  by an externally-imposed  north-south 
temperature  gradient  or  equivalently  a  vertical  wind  shear AUo 
the  model  is  baroclinic  and  thus  the  vertical  shear of the  mean  wind 
can  be  altered by.the action  of  the  waves  but  the  vertical  mean  wind U 
cannot  be.  The  mean  wind U is  externally  imposed  and  changes in 
response  to  momentum  forcing  across  the  walls  of  the  channel. 
anticipate  that  the  index  cycle  is  a  non-linear,  periodic  solution 
of  the  quasi-geostrophic  euqation. - Fig. (2) shows  the  steady  solutions  to 
our  model  for  fixed U and AUo as  a  function  of  horizontal  wavenumber. 
between  wavenumbers 5 and 6 the  symmetric  Hadley  solution  becomes  unstable 
and  the  new  steady  solution  which  branches  off  is  singly  periodic.  When  we 
integrated  the  non-linear  spectral  equations,  the  solution  turned  out  to 
be  doubly  periodic - the  fundamental  period  associated  with  the  Roddby 
period  and  the  second  a  multiple of that.  The  solution  looks  much  like 
the  atmospheric  index  cycle. 
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We a l so  f ind  tha t  t he  model can switch 
over  from a Hadley-like solution to a low go* 
index blocking pattern a ce r t a in  cr i t ical  
values of the  forcing  functions.  Fig.  (3) 
gives an example and we s h a l l  show examples 
of the  so lu t ions  to  the  time dependent 
equations as the  sudden transit ion occurs.  
PLANS FOR  FY-82 
N o w  t ha t  we have found tha t  a low order 
spec t r a l  model can exhibi t  a behavior that 10 
strongly resembles the atmospheric index 
cycle and the blocking patterns,  we plan to  
use the models to  es tabl ish the behavior  of 
these phenomena under a wide var ie ty  o f  
conditions. From our  observational work 40 
we p lan   to   es tab ish   the   char c te r i s t ic  'W&d€Rm)' 
patterns that the atmosphere assumes p r io r  Fig. 2. Steady  solutipns. 
to the establishment of a persistent blocking 
s i tua t ion  and then w e  can u t i l i z e   s a t e l l i t e  
observed heating patterns to anticipate 
blocking s i tuat ions in  the atmosphere. 
If indeed the index cycle is  a multi- 
per iodic  phenomenon as our models ind ica te ,  
w e  will determine from spec t ra l   ana lys i s  
of s a t e l l i t e  temperature and heating 
pa t te rns  the  s t ruc ture  of these  pa t te rns  4Ua6- 
and then see i f   t h e  models can duplicate 09" 
these pat terns .  
0 -  
w 
1 I  I 
3 
U=AUo=15 m s- . 
30- 
We need to generalize our rather crude 
spec t r a l  models t o  account for  barotropic  
processes and more realist ic wave s t ruc tures  
both horizontally and ve r t i ca l ly ,  however, 
before we can make realist ic comparisons 0 
with the atmosphere. 
40 
-ro 30 
YaveLumber 3,  U = ~ O  m 5-'. 
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SLgnif icant  Accomplishments EY80 : 
I n  t h i s  p a p e r  w e  deve lop  the  ana ly t i ca l  t heo ry  o f  two- l eve l  quas i -  
geos t roph ic  ba roc l in i c  waves without B-effect aimed a t  unde r s t and ing  the  
r o l e  of l a t e n t  h e a t  release on the development of baroclinic waves.  
When t h e  release o f  l a t e n t  h e a t  is introduced with pseudo-adiabat ic  
a scen t  and  d ry  ad iaba t i c  descen t ,  t he  wid th  o f  t he  a scend ing  r eg ion ,  a ,  is 
d i f f e ren t  f rom the  wid th  o f  t he  descend ing  r eg ion ,  b ,  and  fu r the rmore ,  a 
s ta t ic  s t a b i l i t y - v e r t i c a l  v e l o c i t y  c o r r e l a t i o n  r e s u l t s  i n  t h e  mean state 
t h i c h e s s  i n c r e a s i n g  w i t h  time, however, t h e  b a s i c  s ta te  shea r  i s  de f ined  
- a p r io r i ,   i ndependen t   o f   t he   pe r tu rba t ions ,   i n   t he   fo rmula t ion   o f   t he  
s t a b i l i t y  p rob lem.   In t eg ro -d i f f e ren t i a l   equa t ions   fo r   t he   pe r tu rba t ions  
are Leveloped. Due t o  t h e  mass c o n t i n u i t y  c o n s t r a i n t ,  t h e  u n s t a b l e  waves i n  
the dry and moist r eg ions  are  s t a t i o n a r y  i n  a f rame of  re ference  which  t rans-  
la tes  w i t h  mean zonal wind a t  t h e  m i d d l e  l e v e l ,  and t h e  growth r a t e  i n  t h e  
moist  region is e q u a l  t o  that $n the  d ry  r eg ion ,  same as i n  t h e  d r y  model. 
Define the parameter  P2f2/Sdp2ki ,  where f is  the  Cor io l i s  pa rame te r ,  
is t h e  s t a t i c  s t a b i l i t y  i n  t h e  d r y  r e g i o n ,  p2 is t h e  p r e s s u r e  a t  t h e  
middle  leve l ,  and  k =Tf/b. a / b  is a func t ion  of  F. For  F>1 , two u n s t a b l e  
modes appear .  The Pirst mode h a s  a narrow region of  s t rong ascending 
motion and a wide region of  weak descending motion (a/b<l),  and the second 
mode has  a narrow region of strong descending motion and a wide region 
o f  weak ascending  mot ion  (a /b>l ) .  As F-tl, t h e   q d e s  become steady and 
n e u t r a l  and are c h a r a c t e r i z e d  by (i) a/b=(S /Sd)5 (Sm: s ta t ic  s t a b i l i t y  
i n  t h e  m o i s t  r e g i o n )  , and ( i i )  a/b”. As F S ,  t h e  modes are steady and 
neu t r a l   and  are c h a r a c t e r i z e d  by ( i )   a /b+O,   and   ( i i )   a /b+l .   In   compar ison  
wi th  the  d ry  mode l ,  t he  s t ruc tu re  of t h e  first u n s t a b l e  mode shows t h a t  
t h e  r i d g e  a n d  t r o u g h  o f  t h e  s t r e a m l i n e s  s h i f t  s l i g h t l y  t o w a r d  t h e  r e g i o n  
of  s ink ing  mot ion ,  and  the  warm advec t ion  occurs  a t  the  node  of  the  
v e r t i c a l  m o t i o n ;  w h i l e  t h e  s t r u c t u r e  of t he  second  uns t ab le  mode shows 
that t h e  r i d g e  a n d  t r o u g h  o f  t h e  s t r e a m l i n e s  s h i f t  s l i g h t l y  t o w a r d  t h e  
r eg ion  o f  r i s ing  mot ion ,  and  the  co ld  advec t ion  occur s  a t  t h e  node of t h e  
ve r t i ca l  mo t ion .  
’d 
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The energe t ics  formula  shows the  presence  of  a la ten t  h e a t  release 
term w h i c h  c o n t r i b u t e s  d i r e c t l y  t o  t h e  g e n e r a t i o n  o f  e d d y  a v a i l a b l e  
poten t ia l   energy .   Al though  th i s  term is small compared t o  t h e  vertical  
a n d  h o r i z o n t a l  h e a t  t r a n s p o r t s ,  latent hea t  release causes  a s i g n i f i c a n t  
change i n  t h e  s t r u c t u r e  o f  t h e  waves s u c h  t h a t  l a r g e  d e p a r t u r e  i n  t h e  
ho r i zon ta l  hea t  t r anspor t  f rom d ry  a tmosphe r i c  va lues  can  occur .  
The xul t i -component   solut ion i s  a l s o  d i s c u s s e d .  It i s  s t r e s s e d  t h a t  
t h e   f i r s t  harmonic must be present and even harmonics are allowed pro- 
v ided  the  ve r t i ca l  mo t ion  is upward i n  t h e  moist r e g i o n  o f  t h e  w i d t h  
a and downward i n  t h e  d r y  r e g i o n  o f  t h e  w i d t h  b .  The s o l u t i o n  is no t  
Fourier  decomposi t ion in  the normal  sense,  because the odd modes except 
f o r  t h e  f i r s t  harmonic are  not  a l lowed.  
Current Focus of Research Work: 
The f o r m u l a t i o n  o f  t h e  r o l e  o f  l a t e n t  h e a t  release i n  b a r o c l i n i c  
waves with B-effect  i s  be ing  developed .  The  pre l iminary  ca lcu la t ions  
show the  d isappearance  of modes except  for  one  mode i n  t h e  u n s t a b l e  s p e c -  
trum f o r  a g iven  bas i c  shea r  o f  t he  mean Z O M ~  wind.  The  problem  of t h e  
c y c l i c  c o n d i t i o n  i n  t h e  wave s t r u c t u r e  is  unde r  inves t iga t ion .  
P l ans  fo r  FY82: 
The continuous model of  Eady w i l l  be  inves t iga t ed .  The ex tens ion  o f  
t h e  Eady model to  three- layer  Eady-type model w i l l  a l s o  b e  i n v e s t i g a t e d .  
The purpose is t o  s t u d y  t h e  m o i s t u r e  e f f e c t  i n  t h e  h i e r a r c h y  o f  c o n t i n u o u s  
mode l s ,  and  thus  fu r the r  ou r  unde r s t and ing  o f  t he  sens i t i v i ty  o f  moi s tu re  
parameter  in  var ious cont inuous models  I 
Recommendations f o r  New Research: 
The model w i t h  t h e  i n c l u s i o n  o f  t h e  water vapor  cont inui ty  equat ion  
in  an  in i t i a l ly  unsa tu ra t ed  a tmosphe re  shou ld  be  cons ide red  in  the  new 
research.   This  w i l l  enable  u s  t o   cons ide r   t he   cond i t iona l   convec t ive  
i n s t a b i l i t y .  The cloud  equat ion  should  a lso  be  considered.  
Pub l i ca t   i ons  : 
Tang, C-M., 1980:   The  inf luence  of   the time change  of s ta t ic  s t a b i l i t y  
and  wind shear   on   baroc l in ic   waves .   Pure  IS Appl.  Geophys. 118, 706-719. 
Tan, C-M., 1981:  Physical mechanism of   barocl inic   waves.  Review of  
Selected Meteorological  Topics  in  memory of Dr. Grace Zon-hwa Feng Weigel. 
( in  Chinese)  
Saltzman, B . ,  and C-M. Tang,   1981:   Ef fec ts   o f   var ia t ion   o f   s ta t ic  
s t a b i l i t y  a n d  v e r t i c a l  wind shea r  on t h e  e v o l u t i o n  of a pr imary  baroc l in ic  
wave. Third  Conference on Atmospheric  and  Oceanic Waves and S t a b i l i t y  of 
t h e  American  Meteorological  Society,  San  Diego,  California,  January  19-23, 
1981. 
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ACCOMPLISHMENTS FY-81 
Our  main  objective  in  FY-81  has  been  the  determination  of  the  effect 
of  latent  heating  on  the  vertical  motion  field  and  energetics  of  the  storm 
of  March, 1978. We have  used  the  formulation of the  quasi-geostrophic  omega 
equation of Hoskins (1975)  in which the  forcing+function  is  expressed  in 
terms  of  the  horizontal  divergence  of a vector Q. The  advantage of  this 
technique  is  that we avoid  the  problem  with  compensation  between  the  vorticity 
and  thermal  advection  effects  in  the  conventional  formulation.  Our  method  of 
inclusion of  latent  hearing  involves a modification of  the static  stability 
or  equivalently  the  Brunt-Vaisalla  frequency, N, in  regions  where we antici- 
pate  that  rising  air  is  saturated. We have  picked a region to solve  the 
omega  equation  surrounding  the  storm  which  extends  from 25N to 50N and 6014 
to  llOW. Vertical  motion  due to  orography  and  frictional  boundary  conver- 
gence  are  allowed  for at  the  lower  boundary.  The  upper  boundary  condition  at 
300 mb imposes a solution  valid  for a source-free  omega  equation.  Lateral 
conditions  are  that  the  vertical  motion  field  is  gradient-free.  Initial 
calculations  were  performed  using  hand-analysed Q vector  fields  but  were  found 
to be inadequate  because  of  inconsistencies  introduced by  the  analysis.  We 
are  now  working  with  fields  objectively  analyzed by a program  originally 
developed  to  prepare  data  fields  for a meso-scale  forecast  model. An example 
of the  results  of  our  calculation  is  shown  in  Fig. (1) where the  difference 
between the vertical  motion  field  calculated  with  and  without  the  effect  of 
latent  heating  is  shown.  The  boundary of the  cloudy  area  where  latent  heat- 
ing was  allowed  for  is  the  heavy  line.  Clearly  the  heating  increases  upward 
motion  in  the  cloudy  area  and  there  is some com- 
pensating  subsidznce  outside the  region. From the 
vertical  motion  field we have  calculated  precipi- 
tation  fields  assuming  all  the  condensed  moisture 
falls  out  of  the  cloud  and  none  evaporates  before 
reaching  the  ground.  We  find  that  the  calculated 
precipitations  are  consistently  much  less  than  the 
observed.  We  have  concluded  that  in  spite of the 
fact  that we have  chosen  winter  storms  where  con- 
vective  motions  should  be  minimal  and  the  slow 
quasi-geostrophic  vertical  motion  field  should  be 
dominant,  meso-scale  motions  are  still  present 
and  play  an  important  role  in  producing  the 
observed  precipitation. 
We  have  used  the  quasi-geostrophic  vertical 
motions  to  assess  the  role  of  the  latent  heating 
for  this scale  on the energetics of  the  storm. 
We  have  calculated  the  complete  energy  budget 
with and without the effects of the heating Fig. 1 Vertical velocity ( c r  c - j  
to assess  the  subtle  effects of the  heating. 
Fig. (2) presents  the  energy  cycle  for  March 25, 
OOOOZ. We  have  assumed  the  eddy  fields  are 
exactly  periodic in the  domain  of  interest  to 
simplify  the  calculations.  Otherwise we would 
 have had  to  use  the  formulation  of  the  ener- 
getics  of  Johnson (1970), but we feel  that 
correction  due  to  the  non-periodicity of the 
eddy  fields  is  probably  small  enough  to  ignore. 
The  latent  heating  has  only  minor  effects  on  the 
baroclinic  conversion  of  zonal  available  poten- 
tial  energy  into  eddy  kinetic  energy,  but  it  does 
have  an  important  effect  on  the  conversion  of 
zonal  kinetic  via  mean  meridional  overturnings. 
In fact.  for  one  time  we  found  that  the  sense 
on  this  conversion  was  reversed  by  the  latent 
heating  from  direct  to  indirect.  We  have 
carried  out  this  process  for  the  entire  life 
cycle  of  the  March  1978  storm. 
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Fig. 2. Energy  cycle, 
March 25, OOOOZ 
Once  we  realized  the  quasi-geostrophic  latent  heating  field  was  only  a 
small  part  of  the  total  for  this  winter  storm,  we  decided  to  account  for 
other  scales  of  motion 'in  computing  the  vertical  motions.  Our  first  step 
in  this  direction  was  to  work  with  the  semi-geostrophic  formulation  of  the 
equations  of  motion,  where  in  contrast  to  the  quasi-geostrophic  system, 
horizontal  advection  by  the  ageostrophic  as  well  as  geostrophic  wind  is 
accounted  for.  Hoskins  and  Draghici  (1977)  show  that  the  semi-geostrophic 
equations  can  be  reduced  to  an  omega  equation  of  the  same  form  as  the  quasi- 
geostrophic  form  in  a  transformed  set  of  geostrophic  coordinates.  Normally 
this  transformation  cannot  be  accomplished  if  the  flow  field  is  diabatic, 
but  we  have  shown  that  if  the  latent  heating  is  accomplished  by  modifying 
the  static  stability  the  transformation  can  still  be  carried  out.  We 
are  currently  calculating  the  semi-geostrophic  vertical  motion  fields  for 
the  March,  1978  storm  and  hope  to  have  results  shortly. 
A final  part  of  our  tasks  this  year  has  been 
to  formulate  a  numerical  model  to  study  the  effects 
of  latent  heating on evolving  baroclinic  waves. 
While  it  is  evident  that  modes  of  heating  other 
than  quasi-geostrophic  are  clearly  important  in 
the  synoptic  system  we  have  studied,  we  plan  to 
initially  model  quasi-geostrophic  evolution. 
After  making  some  preliminary  calculations of 
stationary  wave  structures  with  a  three-layer 
model  shown  in  Fig. ( 3 ) ,  where  the  intermediate 
layer  is  where  the  latent  heating  is  only  allowed 
to  occur,  it  has  become  evident  that  the  depth  of 
the  moist  layer  can  be  modified  by  the  action  of 
the  wave  and  it  is  crucial  to  allowed  this  to 
vary  during  the  wave  evolution.  Air  currents 
rising  from  the  ground  where  they  are  unsaturated 
will  become  saturated  as  they  rise  along  their 
slanted  paths  in  the  presence  of  propagating 
planetary  wave.  Thus,  the  depth  of  the 
/ / / / I / / / /  
Fig. 3 .  Three-layer  model 
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saturated  layer will vary  according  to how much  moisture  is  available  for 
the  rising  air. The low-level  field  of  moisture  is in turn  controlled 
by horizontal  advection and  by  the  field  of  precipitation.  We  are  formu- 
lating  a  quasi-geostrophic  model  which  explicitely  treats  the  moisture 
budget to determine  whether - cooperation  between  the  fields of latent 
heating  and  the  low-level  moisture  convergence  field  can  significantly 
alter  the  evolution a baroclinic  wave. 
PLANS FOR FY-82 
We  shall  complete the  diagnosis  of  the  effects  of  latent heating  on 
the  quasi  and  semi-geostrophic  vertical  motion  fields for a  number  of  winter 
storms. We plan to  develop  schemes  for  parameterizing  the  effects  of 
small  scale  convective  motions  on  the  latent  heating  field.  Apparently, 
one  important  means of initiating  instability  is  the  forced  ascent of warm 
air  above  warm  fronts  which  renders  the  lapse  rate  locally  conditionally 
unstable,  Browning (1975). 
Our  analytical  treatment of evolving  baroclinic  waves  will  be  continued 
and we plan  to  study  the  quasi-geostrophic  as well as  a  hydrostatic 
equations.  We  hope  with  the  latter  set  to  examine  the  implications  of 
various  schemes to parameterize  the  joint  effects  of  low-level  moisture 
convergence  and  latent  heating  on  the  evolving  wave  structure. 
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T i t l e :  Overview  of  the  Atmospheric  General  Circulation  Experiment (AGCE) 
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Significant Accomplishments FY8l: 
I n  t h i s  o v e r v i e w  o n l y  a br ie f  and  non-de ta i led  descr ip t ion  of  the  
accompl ishments  and  p lans  for  each  research  ac t iv i ty  o f  t h e  AGCE 
Program is g i v e n ,  b u t  t h e  r e l a t i o n s h i p s  among t h e  a c t i v i t i e s ,  and  the  
c o n t r i b u t i o n s  o f  t h e  a c t i v i t i e s  t o  t h e  t o t a l  AGCE Program, are  s t r e s s e d .  
The accomplishments and plans of  e a c h  s p e c i f i c  r e s e a r c h  t o p i c  are d i s -  
cussed more fu l ly  in  the  p re sen ta t ions  wh ich  fo l low.  The approach taken 
f o r  t h e  AGCE Program has been to proceed on a r e l a t i v e l y  b r o a d  s c i e n t i f i c  
f r o n t  so t h a t  as w e l l  as p roduc ing  eng inee r ing  spec i f i ca t ions  fo r  t he  
AGCE in s t rumen t ,  a body o f  r e l e v a n t  s c i e n t i f i c  knowledge w i l l  be acquired 
f o r  i n t e r p r e t i n g  a n d  u n d e r s t a n d i n g  t h e  AGCE d a t a  a n d  f o r  r e l a t i n g  t h e  
d a t a  t o  real a t m s p h e r i c  f l o w s .  Such  knowledge w i l l  a l s o  b e  v a l u a b l e  
fo r  t he  fo rmula t ion  o f  we l l -posed  expe r imen t s  w i th  the  AGCE instrument .  
The major accomplishments of FY81 are the  fo l lowing:  
1. A F e a s i b i l i t y  S t u d y  f o r  t h e  AGCE instrument was completed by t h e  
Space Division of the General Electric Company a t  Valley Forge, Pennsylvania. 
2 .  Results were obtained  f rom a n u m e r i c a l ,  s p h b r i c a l ,  h y d r o s t a t i c  
model o f  t h e  AGCE and were used as i n p u t  f o r  t h e  F e a s i b i l i t y  S t u d y .  
3 .  R e s u l t s  f o r  t h e  t h e r m a l l y - d r i v e n ,  r o t a t i n g  , axisymmetric , 
cy l ind r i ca l  annu lus  f lows  were obtained from a numerical  model based on the 
Navier-Stokes  equations.   This model i s  r e f e r r e d  t o  as t h e  Warn-Varnas 
code (Warn-Varnas e t  a l . ,  1978. J. Flu id  Mech., - 85, 609).  
4.  A numerical ,  spherical ,  axisymmetr ic  model  o f  t h e  AGCE based  on 
the  Navier-Stokes  equations  has  been  developed.  This model i s  r e f e r r e d  
t o  a s  the Fbberts '  axisymmetr ic  code.  It has  been  des igned  to  be  very  
f l ex ib l e   and ,   i n   pa r :  d a r ,  i t  can   be   ea s i ly   conve r t ed   t o   cy l ind r i ca l  
geometry. 
5 .  The  Warn-Varnas code w a s  s u c c e s s f u l l y  v a l i d a t e d  u s i n g  a c c u r a t e  
labora tory  measurements  of  s t ra t i f ied  sp in-up  in  a cy l inde r .  Th i s  work 
a l s o  c o n s t i t u t e s  a fundamen ta l  con t r ibu t ion  to  ro t a t ing  f lu id  dynamics .  
6 .  S t u d i e s  o f  t h e  e f f e c t s  o f  a v e r t i c a l  v a r i a t i o n  i n  g r a v i t y  on 
b a r o c l i n i c  i n s t a b i l i t y  i n  s i m p l e  models were completed.  The r e s u l t s  
show that t h e  e f f e c t s  o f  t h e  r a d i a l  v a r i a t i o n  of t h e  d i e l e c t r i c  body 
f o r c e  are very small. 
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7. A n a l y t i c a l  s o l u t i o n s  were o b t a i n e d  f o r  a n o n l i n e a r ,  r o t a t i n g ,  
Hadley cell  and i t s  s t a b i l i t y .  The  model  used i n  t h i s  work i s  a c l o s e  
approximat   ion   to   the  AGCE c o n f i g u r a t i o n .  
8. The s t r ipp ing-down of  the  NCAR Spec t r a l  Gene ra l  C i rcu la t ion  Model 
(GCM) was completed and a regime diagram determined. 
Current Focus of Research Work: 
The Roberts'  axisymmetric code i s  be ing  used  to  genera te  ax isymmetr ic ,  
b a s i c  states f o r  a range of  parameters  o f  t h e  AGCE. The s t a b i l i t y  o f  
t h e s e  b a s i c  states w i l l  then  be  de te rmined  us ing  a l i n e a r  s t a b i l i t y  v e r s i o n  
of  the  Roberts '   axisyrmnetric  code  which i s  being  developed. This work 
w i l l  assist i n  t h e  p r e p a r a t i o n  o f  e n g i n e e r i n g  s p e c i f i c a t i o n s  f o r  t h e  AGCE 
instrument .  
P l a n s  f o r  Fy82: 
1. C o m p l e t i o n  o f  t h e  R o b e r t s '  l i n e a r  s t a b i l i t y  c o d e  a n d  d e t e r m i n a t i o n  
of  reg ime d iagrams for  the  AGCE. 
2. V a l i d a t i o n  o f  t h e  R o b e r t s '  l i n e a r  s t a b i l i t y  c o d e  i n  i t s  c y l i n d r i c a l  
fo rm aga ins t  t he  expe r imen ta l  r eg ime  d iag rams  fo r  t he  cy l ind r i ca l  annu lus  
f lows.   These  regime  diagrams  have  not   yet   been  der ived  quant i ta t ively 
by theo ry .  
3 .  Construct ion of a s p h e r i c a l  s p i n - u p  a p p a r a t u s  f o r  v a l i d a t i o n  
of  Roberts '   axisymmetric  code  in  spherical   geometry.  This e f f o r t   s h o u l d  
a l s o  make f u n d a m e n t a l  c o n t r i b u t i o n s  t o  r o t a t i n g  f l u i d  d y n a m i c s .  
4 .  I n i t i a t e  t h e  development  of a spher ica l ,   th ree-d imens iona l  model 
o f  t h e  AGCE based on the Navier-Stokes equat ions.  
5 .  I n i t i a t e  a n a l y t i c a l  s t u d i e s  o f  n o n l i n e a r  i n t e r a c t i o n s  i n  s i m p l e  
baroc l in ic  models .  
6 .  Continue  s tudies   with  the  s t r ipped-down E M .  
7. Construct a labora tory   appara tus   which  w i l l  b e  t h e  c y l i n d r i c a l  
a n a l o g  o f  t h e  AGCE c o n f i g u r a t i o n .  
8. I n i t i a t e  l a b o r a t o r y  s t u d i e s  o f  t h e  d i e l e c t r i c  l i q u i d s  a n d  
photochromic dyes recommended by t h e  F e a s i b i l i t y  S t u d y .  
Recommendations f o r  New Research: 
A g r e a t  d e a l  o f  f l e x i b i l i t y  is be ing  bu i l t  i n to  the  compute r  codes  
now under  development.  This w i l l  mean tha t  t hese  codes  can  be  used  to  
s tudy  labora tory  f lows  in cyl indr ica l  and  spher ica l  geometry  as w e l l  a s  
real geophysical   f luid  f lows.  It w i l l  b e  p o s s i b l e  t o  assess and  to  pro- 
c e e d  q u i c k l y  w i t h  c e r t a i n  new i d e a s  f o r  s t u d i e s  r e l a t i n g  t o  p l a n e t a r y  
atmospheric and oceanic flows. 
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CALCULATIONS OF AXISYMMETRIC FLOW 
AND ITS  STABILITY FOR THE AGCE MODEL 
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Accomplishments  of FY 81 
The  ultimate  purpose of this  research is to determine, by  the 
use of numerical  primitive  equation  models, where baroclinic  waves 
might  be  expected  in  the AGCE apparatus. This will  be  accomplished 
by  using  an axisymmetric  primitive  equation  model  to  compute,  for 
a  given  set  of  experimental  parameters, a steady  state  axisymmetric 
flow and  then  testing  this  axisymmetric flow for stability  using 
a  linear  primitive  equation  model. 
During this year we  have  completed  construction  and  testing 
of the  axisymmetric  model.  Calculations  using  this  model  have 
been  completed for various  rotation  rates  and  temperature  distri- 
butions  in  the  AGCE  apparatus.  These calculations have  been used 
to  aid  in  design  considerations  of  the  AGCE  equipment. 
The  model  used  to  compute  the  steady state axisymmetric  calcu- 
lations  does so by first  integrating  the  traditional  hydrostatic 
version of the  primitive  equations  until  a  steady  state  is  reached. 
Then  additional  terms  are  added  to  the  diagnostic  equation  for 
pressure  from  the  vertical  equation f motion (in  particular  the 
friction  and  advection  terms) and  the model is again  integrated  to 
steady  state  (this  second  steady  state  is  reached  rather  quickly). 
At  steady state, this  new  flow is equivalent to that  which  would be 
obtained by a full  nonhydrostatic  model yet the cost is considerably 
less  than  that  required  of  a  fully  nonhydrostatic  calculation. 
Furthermore  a  comparison of the  nonhydrostatic  and  hydrostatic 
steady  state  solutions  show  that  except  for  very small regions  near 
the  poles  and equator,  the  hydrostatic  and  nonhydrostatic  solutions 
are  virtually  identical.  The  primary difference is in the  width of 
the  narrow  vertical  jets  that  form  at  the  pole  and  equator.  These 
results  suggest  that  a  full  nonhydrostatic model for  computing  steady 
state  solutions is unnessary. 
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We  also  have  completed  a  linear  model  of  the  AGCE  experiment 
in  which  only a single  wave  in  the  zonal  direction is retained. 
Unfortunately,at  the  time  of  this  writing  this  model  has  not yet
been  fully  validated,  and  even  preliminary  results  are  not yet 
available.  This  model  will  be  used to determine  the  stability  of 
the  axisymmetric  flows  calculated  by  the  axisymmetric  model. 
Our  current  efforts  are to complete  testing  the  linear  model 
and  then use  these  models  to obtain  at  least a crude  estimate of 
the  regime  diagram  for  AGCE. Our  plans  for FY-82 are,  therefore, 
to  complete  the  calculations ecessary  to  produce  this  diagram. 
Recommendations  for  New  Research 
The  regime  diagram  that  will  be  produced  under  the  current 
research  has  a  pole-to-equator  temperature  difference  which is 
the  same on the  inner  sphere  as on the  outer.  Our  research  has 
shown  that  flows  more  like  the  earth's  atmosphere  occur  when  the 
outer  sphere  is  isothermal.  Because  the  temperature  gradients  on 
the  outer  sphere  are  zero  we  would  expect  that  the  wave  activity 
and  hence  flows  within  the  apparatus  would  be  quite  different  from 
the  flows  when  temperature  gradients  are  maintained on both  spheres. 
Comparing  the  flows  in  the  two  configurations  may  provide  further 
insight  into  the  dynamics of the  baroclinic  waves.  Therefore  we 
recommend  preliminary  theoretical  research  into  nature  of  the  flows, 
including  regime  diagrams,  in  this  alternate  configuration. 
In  addition  the  AGCE  apparatus  offers  a  possible  means  for 
conducting  simplified  experiments  to  isolate  and  understand  how 
certain  dynamic  processes  force  and  maintain  eddies  in  the  General 
Circulation.  Such  experiments  are  currently  possible  only  with 
general  circulation  models.  For  example,  experiments  to  study  the 
effects  of  mountains  and  land-sea  contrast on the  transient  ultra- 
long  waves  may  be  possible  in  an  experiment  similar  to  AGCE.  These 
might  be  patterned  after  general  circulation  model  experiments  which 
we  are  currently  constructing  for  other  contracts. 
List  of  Publications 
To date  no  publications  concerning  this  research  have  appeared 
in  the  literature.  However,  we  are  currently  preparing  a  paper 
describing  our  hydrostatic  and  nonhydrostatic  axisymmetric  calculations. 
We  hope  to  submit  this  paper  to  a  journal  in  the  next  couple  of  months. 
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Significant Accomplishments FY81: 
We have i n  o u r  p o s s e s s i o n  a n  a x i s y m m e t r i c ,  c y l i n d r i c a l  c o d e  
developed  by  Alex Warn-Varnas  (Warn-Varnas e t  a l . ,  J.  F lu id  Mech., 
Vol.  85,  609,  1978). This code is based  on  the  Navier   Stokes  equat ions 
and is for   incompress ib le ,   Bouss inesq   f low.   The   equat ions   and   the  
i n i t i a l  a n d  b o u n d a r y  c o n d i t i o n s  a r e  f i n i t e  d i f f e r e n c e d  o n  a s t agge red  
mesh with  nonuniform  gr id   spacings.  The resul t ing  t ime-dependent  
d i f f e r e n c e  e q u a t i o n s  a re  solved by a time-marching  procedure.  The 
s t r e t c h i n g  i s  u s e d  f o r  b o u n d a r y  l a y e r  r e s o l u t i o n .  The p r e s s u r e  i s  found 
from a Poisson equai ton obtained from a divergence equat ion and i s  
so lved  us ing  an  AD1 i t e r a t i v e  a p p r o a c h .  
Using t h e  Warn-Varnas code, a number of  axisymmetr ic  states f o r  t h e  
the rma l ly -d r iven ,  ro t a t ing ,  cy l ind r i ca l  annu lus  f lows  were computed over 
a r ange  o f  pa rame te r s .  The  r e su l t s  were compared w i t h  earlier computat ions 
by G. P. Williams (J. A t m o s .  S c i . ,  Vol . 24,  144,  1967  and J. Atmos. Sc i . ,  
Vol.  24,  162,  1967).  Excellent  agreement w a s  ob ta ined .  The Warn-Varnas 
code w a s  a l s o  used  to  compute  ax isymmetr ic  f lows  for  the  cy l indr ica l  
a n a l o g  o f  t h e  AGCE c o n f i g u r a t i o n  f o r  i n p u t  t o  t h e  F e a s i b i l i t y  S t u d y .  
I t  w a s  o r i g i n a l l y  o u r  i n t e n t i o n  t o  u s e  t h e  Warn-Varnas  code t o  com- 
pute  regime diagrams to  assist i n  p r e p a r i n g  e n g i n e e r i n g  s p e c i f i c a t i o n s  
f o r  t h e  AGCE instrument .  The p l an  was t o  p r e p a r e  a l i n e a r  s t a b i l i t y  
vers ion  of  the  code  and  then  us ing  both  vers ions  to  compute  ax isymmetr ic  
b a s i c  s ta tes  and t h e i r  s t a b i l i t y  f o r  t h e  c y l i n d r i c a l  a n n u l u s  f l o w s .  T h i s  
work would have enabled us t o  v a l i d a t e  t h e  c o d e s  a g a i n s t  t h e  e x p e r i m e n t  
regime diagrams for  the annulus  f lows and this  would have been a sc ien-  
t i f i c  c o n t r i b u t i o n  i n  i t s  own r i g h t .  F i n a l l y ,  t h e  c o d e s  were t o  b e  con- 
ver ted to  spherical  geometry and a reg ime d iagram for  the  AGCE prepared.  
However, fu r the r  examina t ion  r evea led  tha t  t he  Warn-Varnas code was 
somewhat out-of-date  and that  newer techniques would al low for  fas ter  
and more f l e x i b l e  c o d e s .  We dec ided  to  de t e rmine  the  theo re t i ca l  r eg ime  
d iag rams  fo r  t he  AGCE appa ra tus  us ing  sphe r i ca l  codes  bu i l t  f rom sc ra t ch  
and  inco rpora t ing  the  la tes t  ideas .  
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Current Focus o f  Research Work: 
The  Warn-Varnas code i s  no longer being used for the AGCE design 
studies  . 
Plans  for Fy82: 
The Warn-Varnas code w i l l  s t i l l  be used for spin-up and other 
fundamental rotat ing  f lu ids  s tudies .  
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T i t l e :   U t i l i z a t i o n   o f   S a t e l l i t e   C l o u d   I n f o r m a t i o n   t o   D i a g n o s e   t h e  
Energy State and Transformat ions i n  Ex t ra t rop ica l  Cyc lones  
Research  Invest igators   Invo lved:  
P h i l  1 i p J.  Smith, Department o f  Geosciences, Purdue University, 
George H. F i c h t l  , ES 83/MSFC, AL 35812,  205-453-0875 
West La faye t te ,  I N  47906, 317-494-3286. 
Accomplishments FY81 and  Current  Focus: 
S i n c e  t h i s  p r o j e c t  i s  o n l y  t h r e e  months old, accomplishments t o  
d a t e  a r e  l i m i t e d .  Work o v e r  t h i s  p e r i o d  has  concentrated  on  the 
se lec t i on  o f  ex t ra t rop i ca l  cyc lone  cases  to  ana lyze  and  the  reduc t i on  
of  conventional  data.  Foremost among t h e  c r i t e r i a  f o r  m a k i n g  t h e s e  
s e l e c t i o n s  a r e  t h a t  
( 1  ) the cases occur over a r e g i o n  and t ime per iod  o f  abundant  
(2 )   the   cases   be   cyc lones   w i th   w idespread  and  s ign i f i can t  
convent ional   meteoro log ica l   data,   and 
p r e c i p i t a t i o n  and l a t e n t  h e a t  r e l e a s e .  
W i t h  t h e s e  c r i t e r i a  i n  mind, t h e  f i r s t  case  chosen was one  of 
dramat ic  cyc lone development  over  the centra l  Uni ted States dur ing 
t h e  p e r i o d  9-11  January  1975.  Standard 0000 and  1200 GMT rawinsonde 
d a t a ,   h o u r l y   p r e c i p i t a t i o n   d a t a ,  and Nat ional   Meteoro log ica l   Center  
sea leve l   p ressure ,   upper   a i r   i sobar ic ,   and  radar   ana lyses   have been 
assembled f o r   t h i s   c a s e .  Al temperature,  height,  moisture,  and  wind 
data  have  been  checked  and  gridded t o  a 140 km g r i d .  I n  a d d i t i o n  a 
search i s   i n  p r o g r e s s  t o  i d e n t i f y  t h e  t y p e s  o f  s a t e l l i t e  d a t a  a v a i l a b l e .  
F i n a l l y ,  t o  f u r t h e r  t e s t  t h e  q u a l i t y  o f  t he  da ta  se t ,  h ighe r  o rde r  
q u a n t i t i e s  c o n t a i n e d  i n  t h e k i n e t i c  and ava i lab le  po ten t ia l  energy  budgets  
a re  be ing  computed. 
P l a n s  f o r  FY 82: 
Work wil cont inue on s e l e c t i o n  o f  a p p r o w i a t e  c a s e  s t u d i e s  and 
prepar ing   da ta   se ts .  These s e t s  wil be  used t o  i n i t i a t e  c a l c u l a t i o n s  
o f  complete energy budgets. 
Lead ing   these  ca lcu la t ions  wil be t h e  d e t e r m i n a t i o n  o f  
d i a b a t i c  h e a t i n g  f i e l d s  and t h e  a d i a b a t i c  and d i a b a t i c  components o f  
t h e   v e r t i c a l   m o t i o n .  These i n  t u r n  wil be used t o  c a l c u l a t e  t h e  
genera t i on  and  re lease  o f  ava i l ab le  po ten t i a l  ene rgy  and v e r t i c a l  f l u x  
d i v e r g e n c e s  o f  a v a i l a b l e  p o t e n t i a l  and k i n e t i c  e n e r g y  i n  o r d e r  t o  
e v a l u a t e  t h e  i m p a c t  o f  d i a b a t i c  h e a t i n g  on e x t r a t r o p i c a l  c y c l o n e  
e v o l u t i o n .  I n  a l l  o f  t h i s  t h e  e f f e c t i v e n e s s  o f  s a t e l l i t e  d a t a  i n  
improv ing  the  heat ing  es t imates  wil be  examined. 
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S p h e r i c a l   N u m e r i c a l  Models f o r  t h e  AGCE: 
A x i s y m m e t r i c   B a s i c  S ta tes  a n d  t h e i r  S t a b i l i t y  
D r .  G l y n  0. Roberts 
USRA 
ES82 
MSFC, AL 35812 
205/453-2283 
FY-81 A c c o m D l i s h m e n t s  
S c i e n c e   A p p l i c a t i o n s ,   I n c .  
P.O. Box 1303 
McLean, VA 22102 
703/821-4549 
T h i s   s e c t i o n   o f   t h e  AGCE program b e g a n   i n  March, 
1981. Two c o m p u t e r  codes a re  i n v o l v e d .   T h e   f i r s t   c a l c u -  
l a t e s  a x i s y m m e t r i c   s t e a d y  f low s o l u t i o n s .   T h e   s e c o n d  w i l l  
d e t e r m i n e  t h e  g r o w t h  'or d e c a y  ra tes  of  l i n e a r  w a v e  p e r t u r b a -  
t i o n s   w i t h   d i f f e r e n t   w a v e   n u m b e r s .   G r o w i n g   s o l u t i o n s  
i n d i c a t e   i n s t a b i l i t y .   T h e   r e s u l t s  w i l l  be  i m p o r t a n t   f o r  
AGCE d e s i g n ,   s i n c e  t h e  a p p a r a t u s   h o u l d  a l low e x p e r i m e n t s  
well w i t h i n  t h e  u n s t a b l e   ( w a v e )  regime. 
T h e   f i g u r e   o n  t h e  n e x t   p a g e  is a n   e x p e r i m e n t a l  
regime d i a g r a m  f o r  a p a r t i c u l a r   c y l i n d r i c a l   a n n u l u s  
g e o m e t r y ,  a s  t h e  r o t a t i o n  r a t e  a n d   t e m p e r a t u r e   d i f f e r e n c e  
a re  v a r i e d .   O u r   o b j e c t i v e  i s  t o  o b t a i n  s imi la r  t heo re t i ca l  
d i ag rams  f o r  t h e   b o u n d a r y   b e t w e e n  t h e  s y m m e t r i c   a n d   w a v e  
regimes, w i t h  v a r i o u s  proposed AGCE c o n f i g u r a t i o n s .   T h e  
codes c a n  be  v a l i d a t e d  b y  a p p l i c a t i o n  t o  t h e   c y l i n d r i c a l  
g e o m e t r y   a n d   c o m p a r i s o n  w i t h  t h e  e x p e r i m e n t s .  
R e s u l t s  a re  r e q u i r e d  f o r  a v e r y  w i d e  r a n g e   o f  AGCE 
d e s i g n   p a r a m e t e r s   a n d   o p e r a t i n g   c o n d i t i o n s .   T h u s   e f f i c i e n t  
n u m e r i c a l   a l g o r i t h m s  a r e  r e q u i r e d  t o  k e e p  t h e  c o m p u t i n g  
r e q u i r e m e n t s   w i t h i n   r e a s o n a b l e   b o u n d s .  We u s e   n o n u n i f o r m  
meshes a n d  i m p l i c i t  i t e r a t i v e  m e t h o d s .   T h e s e   m e t h o d s  a r e  
related t o  time s t e p p i n g ,   b u t  w i t h  t h e  time s t e p  d i f f e r e n t  
f o r  e a c h  v a r i a b l e  a n d  mesh  p o i n t .  
T h e   d o m a i n  f o r  t h e  c o d e s  i s  s h o w n  b e l o w .  W i t h  
app ropr i a t e  choices  of t h e  b o u n d a r y  p a r a m e t e r s ,  w e  c a n  mode l  
a s p h e r i c a l  s h e l l ,  a h e m i s p h e r i c a l   s h e l l ,  a c y l i n d r i c a l  
a n n u l u s ,  o r  o t h e r  g e o m e t r i e s .   T h e  codes  a l s o  a l low f o r  a n y  
c o m b i n a t i o n  of d i e l e c t r i c ,  t e r r e s t r i a l  ( a x i a l )   a n d   c e n t r i f -  
u g a l   g r a v i t y .   T h e r e  is f u r t h e r   f l e x i b i l i t y   i n  t h e  b o u n d a r y  
c o n d i t i o n s   o n   t h e   f l o w   ( n o - s l i p  o r  f r e e - s l i p )   a n d  tempera- 
t u r e  . . ( i m p o s e d   v a l u e  o r  i n s u l a t e d ) .   T h i s   f l e x i b i l i t y  is a n  
i m p o r t a n t  f e a t u r e  f o r  d e s i g n   a n d   v a l i d a t i o n   p u r p o s e s   a n d  f o r  
f u t u r e  a p p l i c a t i o n s .  
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sec 
a = 3 . 5  cm, b = 6 cm, d = 10 cm 
Experimental  Regime Diagram f o r   F r e e - S u r f a c e  Annulus 
Convection,   using  water.  
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Case 
S p h e r i c a l  l a y e r  
Hemisphere Cap  
C y l i n d r i c a l  A n n u l u s  
The Computational  Domain  and  Special Cases 
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C u r r e n t   F o c u s  
The s t e a d y  s t a t e  code i s  now almost f u l l y   o p e r -  
a t i o n a l .  A s t e a d y  s t a t e  temperature s o l u t i o n  is d i s p l a y e d  
below, for a hemispherical cap w i t h  r a d i i  3 cm and 4 cm. 
T h e   p o l a r   t e m p e r a t u r e s  are 15OC and 25OC a t  t h e  bottom and  
t o p ;   t h e   c o r r e s p o n d i n g   e q u a t o r i a l  temperatures are 25OC and 
35OC. The flow h a s  produced an a s c e n d i n g  thermal p lume a t  
t h e   e q u a t o r   a n d  a d e s c e n d i n g   p l u m e  a t  t h e  p o l e .  T h e  
g r a p h i c s  a n d  n u m e r i c a l  m e t h o d s  are b e i n g  improved. 
FY-82 P l a n s  
T h e   n u m e r i c a l   a l g o r i t h m s  f o r  t h e   l i n e a r   s t a b i l i t y  
c o d e  w i l l  be f i n a l i z e d .   T h e   p l a n n e d  i t e ra t ive  m e t h o d  is 
r e l a t e d  t o  time s t e p p i n g   t h e   l i n e a r i z e d   e q u a t i o n s ,   w i t h   a n  
u n k n o w n   g r o w t h  o r  d e c a y  ra te  w h i c h  is c o r r e c t e d   e a c h  i tera- 
t i o n .   T h e  time s t e p  is d i f f e r e n t  f o r  e a c h  v a r i a b l e  a n d  
p o s i t i o n .  We expect  t h e  code  t o  become o p e r a t i o n a l   b y   t h e  
m i d d l e  of t h e  y e a r .  
T h e  two c o d e s  w i l l  be c o m b i n e d ,  t o  o p e r a t e  t o -  
g e t h e r   i n   a n   e f f i c i e n t   w a y ,   a n d   g e n e r a t e  regime d i a g r a m s .  
T h e y  w i l l  be v a l i d a t e d   o n   t h e   a n n u l a r   g e o m e t r y ,   a n d   t h e n  
a p p l i e d  t o  a ser ies  of p r o j e c t e d  AGCE d e s i g n s   a n d  parameter 
r a n g e s .  
R e c o m m e n d - a t i o n s  ~~ f o r  N e w  "- R e s e a r c h  -
I f  t h e  v a l i d a t i o n s  a r e  s u c c e s s f u l ,   t h e s e   c o d e s  
w i l l  c o n s t i t u t e   a n   i m p o r t a n t  N A S A  t o o l  f o r  s t u d i e s  i n  
c o n v e c t i v e   m o t i o n s   a n d   b a r o c l i n i c   s t a b i l i t y .   T h e y   c a n  
p o t e n t i a l l y  b e  u s e d   n o t   o n l y   i n   s u p p o r t  of  AGCE d e s i g n ,   b u t  
a l s o  t o  v a l i d a t e   a n a l y t i c   t h e o r i e s   a n d  t o  i n t e r p r e t   e x p e r i -  
m e n t a l   a n d   o b s e r v a t i o n a l   m e a s u r e m e n t . s  r e la ted  t o  a t m o s p h e r e  
a n d   o c e a n   f l o w s .  
- I _ ~ -  
P u b l i c a t i o n s  
Rober t s ,  G .  O . ,  1981: A x i s y m m e t r i c  AGCE F l o w s   a n d  
t h e i r  s t a b i l i t y .   P r o c e e d i n g s   o f  t h e  A p r i l  AGCE C o n f e r e n c e ,  
i n   B o u l d e r ,  CO. 
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ES82 
MSFC, AL 35812 
205/453-2283 
D r .  G l y n  0. Roberts 
a n d   S c i e n c e   A p p l i c a t i o n s ,   I n c .  
P.O. Box 13032 
McLeap, VA 22102 
703/821-4549 
FY 82 P l a n s  
T h e   p l a n n e d   c o m p u t e r  code  w i l l  c a l c u l a t e  s t e a d y  
a n d   t i m e - d e p e n d e n t  AGCE f l o w s ,  u s i n g  t h e  f u l l   n o n l i n e a r  
t h r e e - d i m e n s i o n a l   e q u a t i o n s .  Proposed e x p e r i m e n t a l   s e t t i n g s  
w i l l  b e  c h e c k e d  f i r s t ,  u s i n g  mode l  r u n s .   T h e n   a c t u a l  
e x p e r i m e n t a l   r e s u l t s   ( l a b o r a t o r y   a n d  S p a c e l a b )  w i l l  b e  
compared w i t h  m o d e l  p r e d i c t i o n s .   T h i s   i n t e r a c t i o n   b e t w e e n  
e x p e r i m e n t   a n d  model w i l l  be v e r y   v a l u a b l e   i n   d e t e r m i n i n g  
t h e  n a t u r e  o f  t h e  AGCE f l o w s  a n d  t h e i r  r e l a t i o n s h i p  t o  
a n a l y t i c a l  t h e o r i e s  a n d  t o  a c t u a l  a t m o s p h e r e  d y n a m i c s .  
T h e   p l a n n e d   p r o g r a m  w i l l  s t a r t  i n   N o v e m b e r ,  1981. 
D u r i n g  t h e  f i r s t  y e a r  t h e  n u m e r i c a l   p r o c e d u r e s  will b e  
d e t e r m i n e d ,   a n d  code i m p l e m e n t a t i o n  w i l l  b e g i n .  We p l a n  t o  
complete a n d  test  t h e  code  i n  t h e  s e c o n d   y e a r .   V a l i d a t i o n s  
w i l l  b e  p e r f o r m e d   i n  t h e  t h i r d  y e a r ,   a n d   p r o p o s e d  AGCE 
e x p e r i m e n t s  w i l l  be m o d e l e d .  
R e c o m m e n d a t i o n s  f o r  N e w  Research 
B e y o n d  t h e  s c o p e  o f  t h e  p r o p o s e d  t h r e e - y e a r  
p r o g r a m ,  we r e c o m m e n d   n u m e r i c a l   s t . u d i e s  o f  t h e  l i n e a r  
s t a b i l i t y  of  s t e a d y  t h r e e - d i m e n s i o n a l   b a r o c l i n i c  f lows.  T h e  
a n n u l u s   e x p e r i m e n t s   s u g g e s t  t h a t .  a small c h a n g e   i n   r o t a t i o n  
r a t e  o r   t e m p e r a t u r e   d i f f e r e n c e   c a n  d e s t a b i l i z e  a s t e a d y  
n o n l i n e a r   t h r e e - d i m e n s i o n a l   w a v e ,  w i t h  p e r h a p s   f o u r   w a v e s ,  
a n d   p r o d u c e  e i t h e r  a s t e a d y   s o l u t i o n  w i t h  a d i f f e r e n t  
number  of w a v e s  o r  a n   a m p l i t u d e  o r  w a v e   n u m b e r   v a c i l l a t i o n .  
Global  a tmosphere d y n a m i c s   c a n  show similar p h e n o m e n a ,   a n d  
t h e y  may a l s o  o c c u r   i n  t h e  AGCE tests. A l i n e a r   s t a b i l i t y  
m o d e l  c o u l d  a i d  i n   u n d e r s t a n d i n g  these  e f f e c t s .  
36 
Ti t le :  L inear  and  Nonl inear  Spin-Up/AGCE Numerical b d e l  V a l i d a t i o n  S t u d i e s  
Research  Invest igator   Involved:  J. M. Hyun 
USRA V i s i t i n g  S c i e n t i s t  
NASA/George C. firshall Space  f l i gh t  Cen te r  
Mail Code: ES82 
Marshall Space  Fl ight   Center ,  AL 35812 
T e l :  205/453-2283 
Significant Accomplishments FY81: 
A large computer  code (Ref .  1) has been obtained and amended i n  o r d e r  
to   s tudy   fundamenta l   p roblems  in   ro ta t ing   f lu id   dynamics .   This   code   uses  
t h e  p r i m i t i v e  EJavier-Stokes equations in axisymmetric form and employs 
f i n i t e - d i f f e r e n c e  t e c h n i q u e s  o n  v a r i a b l e  g r i d s .  The numer i ca l  r e su l t s  have  
been  ver i f ied  for  sp in-up  of  a homogeneous f l u i d  i n  a c losed  cy l inder  (Ref .  
1). Effor t s  have  been  made to  r e so lve  the  sp in -up  f low o f  a s t r a t i f i e d  
f l u i d  i n  a c y l i n d e r .  The numer i ca l  so lu t ions  were checked  aga ins t  t he  
a c c u r a t e  d i s t u r b a n c e - f r e e  laser Doppler measurements, and good agreement 
w a s  ob ta ined .  It h a s  b e e n  e s t a b l i s h e d  t h a t  v i s c o u s  d i f f u s i o n  i n  t h e  
i n t e r i o r ,  a r i s i n g  f r o m  t h e  enhanced  f low gradien ts  in  s t ra t i f ied  sp in-up ,  
i s  the  cause  o f  t he  d i sc repancy  be tween  theo ry  and  expe r imen t s .  
Current Focus of Research Work: 
An i n v e s t i g a t i o n  i s  being conducted on the s t rongly nonl inear  problem 
of spin-up from rest o f  a homgeneous  f lu id  in  a c y l i n d e r  u s i n g  t h e  a f o r e s a i d  
numerical   code. The n u m e r i c a l  r e s u l t s  were compared a g a i n s t  t h e  laser Doppler 
measurements,   and  close  agreement was found.  The  cor rec t  loca t ion  and  the  
v i s c o u s  s t r u c t u r e  o f  t h e  moving s h e a r  f r o n t  are examined w i t h  t h e  a i d  o f  
the  accura te  comprehens ive  f lowf ie ld  da ta .  The basic  assumptions adopted 
i n  t h e  c l a s s i c a l  Wedemeyer model (Ref.  2) a re  r e e v a l u a t e d  i n  l i g h t  o f  t h e  
p re sen t  numer i ca l  r e su l t s .  The l i m i t a t i o n s  o f  t h e  c lass ica l  Wedemeyer model 
and i t s  ex tens ions  a re  c l a r i f i e d ,  p o i n t i n g  t o  t h e  d i f f i c u l t y  i n  f o r m u l a t i n g  
t h e  e x a c t  n o n l i n e a r  Ekman compa t ib i l i t y  cond i t ions  in  f in i t e  geomet ry .  
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P l ans  fo r  FY82/Recommendat i o n s  f o r  New Research: 
P lans  are  underway t o  examine numer ica l ly  the  sp in-up  f lows  in  a 
c y l i n d e r  when the  top  and  bo t tom d i scs  are g i v e n  d i f f e r e n t  f i n a l  r o t a t i o n  
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rates. Of p a r t i c u l a r  interest w i l l  be the  spa t ia l  and  tempora l  dependence  
o f  t h e  Ekman pumping c o n d i t i o n s .  When t h e  f l u i d  i s  s t r a t i f i e d ,  t h i s  problem 
w i l l  i l l u m i n a t e  t h e  t r a n s i e n t  b e h a v i o r  a p p r o a c h i n g  t h e  s t e a d y  state which 
is used as t h e  b a s i c  state f l o w  i n  b a r o c l i n i c  i n s t a b i l i t y  s t u d i e s .  I n  con- 
j u n c t i o n  w i t h  t h e  p l a n n e d  n u m e r i c a l  i n v e s t i g a t i o n ,  l a b o r a t o r y  a p p a r a t u s  w i l l  
be designed which w i l l  p r o v i d e  a c c u r a t e  e x p e r i m e n t a l  v e r i f i c a t i o n s  f o r  t h e  
n u m e r i c a l   r e s u l t s  . 
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so lu t ions  fo r  t he  sp in -up  f rom rest. To be  submi t t ed  to  J. Fluid Mech. 
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Theoretical Studies  of Baroclinic Flow Related to  the AGCE 
Basil N. Antar 
Univ. of Tennessee Space Ins t i t u t e  
Tullahoma, TN 37388 
(61 5) 455--0631 X 471 
Siqnificant Accomplishments FY-81 : A study of the baroclinic instabil i ty 
of a rotating Had1 ey ce l l  was completed and a paper reporting the major 
resul ts  of this study  will  appear i n  JAS i n  October 1981. In this study 
we investigated the influence of a prescribed horizontal, as well as 
vertical , temperature gradients on the baroclinic instabil i ty of a 
rotating f l u i d  layer. Although the model  was for  a simple f l a t  l aye r  
of f l u i d ,  i t  incorporated several features of the spherical AGCE model. 
Information i s  b e i n g  gained on the design c r i t e r i a  of AGCE u s i n g  this 
simple model. 
The above mentioned model was extended to investigate the symmetric 
baroclinic instabil i ty of a rotating Hadley cell .  Results are being 
gathered using th i s  model  and a paper sumnerizing these results i s  being 
prepared for publication. The most at t ract ive par t  of the model is i t s  
simplicity while incorporating essential physical features of a real i s t i c  
system. T h i s  i s  proving to  be of  great  value i n  fur ther  understanding 
the symnetric baroclinic instability mechanism  and i t s  consequences. A 
laboratory experiment based on th i s  model i s  being prepared a t  NASA/MSFC 
to  t e s t  and verify some o f  the resul ts  of the analytical model. 
A numerical code was developed to solve for the symnetric flow f i e ld  
in a r o t a t i n g  spherical annulus to model the symmetric basic state of 
AGCE. The numerical technique used i s  a mixed spectral  f ini te  a i f ference 
method. A specific spectral expansion was developed and incorporated i n  
the code. The coding i s  not yet finished and work i s  continuing on i t .  
Current Focus of Research Work:  Work i s  underway to  exterld and use the 
simple basic s ta te  analyt ical  prof i le  which  was developed for the rotating 
Hadley cell to study the nonlinear baroclinic instability mechanism. 
Although there is a great deal of work on nonlinear baroclinic instability, 
i t  i s  f e l t  t h a t  the present effort will augment  and f i l l  some important 
gaps i n  the  present  understanding of this f i e l d .  I t  i s  also hoped tha t  
the results of this study will help i n  better understanding of the nature 
and  mechanism of f i n i t e  amplitude waves that will exist i n  the AGCE. 
This study i s  both analytical and numerical. 
Work i s  underway to extend the rotating Hadley ce l l  model  and numerical 
code t o  he lp  i n  the under-standing of specific circulation models i n  shallow 
seas . 
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Plans  for FY-82: To finish the numerical  code fo r  the symmetric 
basic  s ta te  o f  the spherical annulus. To continue the nonlinear 
s t ab i l i t y  ana lys i s  fo r  the rotat ing Hadley c e l l .  To perform the 
experiments on the symmetric barocl inic  instabi l i ty .  
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1 .  Antar, 8.  N. and W .   .  FoiVlis: Eigenvalues  of a Baroclinic 
S tab i l  i ty  Problem w i t h  Ekman Damping. J .  Atmos. Sci . , 37, 1980, 
pp 1 399-1 404 
-
2 .  Antar, B.  N .  and W .  W .  Fowlis:  Baroclinic  Instability of  a 
F l u i d - i n  a Rotating  Channel, B u l l .  Am. Phys. SOC. ,  ai 1980, 
1077. 
3 .  Antar, B .  N. and W .  W.  Fowlis: Baroclinic Instabil i ty o f  a 
Rotating Hadley Cell, J .  Atmos. Sci, 38, 1981, x x x - x x x .  
4. Antar, B. N. and W .  W .  Fowlis: Baroclinic Instabil i ty of a 
Rotating Hadley Cell : Symmetric Ins tab i l i ty .  In preparation. 
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T i t l e :  
F low Regime S t u d i e s  w i t h  a S i m p l i f i e d  G e n e r a l  C i r c u l a t i o n  Model 
Research   Inves t iga tors :  
J.E. G e i s l e r  
E. J. P i t c h e r  
D i v i s i o n  o f  M e t e o r o l o g y  and Physical  Oceanography 
School o f  M a r i n e  and Atmospheric  Sciences 
U n i v e r s i t y  o f  Miami 
4600 Rickenbacker Causeway 
Miami, FL 33149 
Signi f icant  Accompl ishments FY-81: 
I n   t h e  Atmospher ic   Genera l   C i rcu lat ion  Exper iment  (AGCE) apparatus 
a f l u i d   i s   c o n f i n e d  between co - ro ta t i ng   spheres   i n   t he   p resence   o f  a 
s i m u l a t e d   r a d i a l   g r a v i t y  and a mer id iona l   t empera tu re   g rad ien t  on t h e  
i nne r   sphere .   Th i s   i t ua t i on  i s  much c l o s e r   t o   t h e   a t m o s p h e r e   t h a n   i s  
t h e   t r a d i t i o n a l   l a b o r a t o r y  analogue,  which  consists of an annulus o f  
f l u i d   c o n f i n e d  b e t w e e n   c o - r o t a t i n g   c y l i n d e r s   o r i e n t e d   p a r a l l e l   t o
t e r r e s t r i a l   g r a v i t y .  We have  modi f ied an atmospher ic   genera l   c i rcu la-  
t i o n  model t o  t h e  p o i n t  where it looks as c l o s e  as p o s s i b l e  t o  t h e  AGCE 
apparatus (no c louds,  no r a d i a t i v e   t r a n s f e r ,  smooth lower  boundary, 
e t c . )  We a r e   p r e s e n t l y   o p e r a t i n g   t h i s  model i n   t h e   l a b o r a t o r y   e x p e r i -  
ment mode, t r e a t i n g  t h e  m e r i d i o n a l  t e m p e r a t u r e  g r a d i e n t  and t h e  r o t a t i o n  
r a t e  as parameters  a t  our   d isposal .  Our o b j e c t i v e   i s   t o   a c q u i r e   t h e  
bas i c  know ledge  necessa ry  fo r  app l i ca t i on  o f  t he  AGCE d a t a  t o  t h e  u n d e r -  
s tand ing  o f  la rge-sca le  a tmospher ic  dynamics .  
In t h e   t r a d i t i o n a l   ( t h a t   i s ,   a n n u l a r   g e o m e t r y )   l a b o r a t o r y   e x p e r i -  
ments   the   hor izon ta l   tempera ture   g rad ien t  and t h e   r o t a t i o n   r a t e  appear 
in   d imension less  parameters  ca l led  the  thermal   Rossby number and t h e  
Tay lo r  number, and the   obse rva t i on  as t o  whether  or   not  waves are  ' 
p r e s e n t  i s  n o t e d  i n  a d iagram  (ca l led   the   reg ime  d iagram)   w i th   these  two 
dimensionless  parameters  used as o r d i n a t e  and absc i ssa ,   respec t i ve l y .  
The c u r v e   i n   t h i s   d i a g r a m   s e p a r a t i n g   t h e   r e g i o n  where waves occur  f rom 
t h e   r e g i o n  where waves do not  occur i s   r e f e r r e d   t o  as t h e   s t a b i l i t y  
b o u n d a r y .   L i n e a r   b a r o c l i n i c   i n s t a b i l i t y   m o d e l s   w i t h  Ekman damping 
present  have  been  successful i n   r e p r o d u c i n g   t h e  shape and ( t o  some 
e x t e n t )   t h e   l o c a t i o n   o f  t h e   s t a b i l i t y   b o u n d a r y   f o u n d   i n  t h e   a n n u l u s  
exper iments.  
Our  main  research  accomplishment t h i s  y e a r  has  been t o  f i n d  and map 
o u t   t h e   f e a t u r e s   o f  a s t a b i l i t y  b o u n d a r y   t h a t   e x i s t s   i n   o u r   m o d i f i e d  
g e n e r a l   c i r c u l a t i o n  model. To our  knowledge t h i s  i s  t h e  f i r s t  t i m e  t h a t  
t h i s   m a j o r   f e a t u r e   o f  a regime  diagram  has  been  derived  from  numerical 
exper iments  us ing a f u l l y   n o n l i n e a r   p r i m i t i v e   q u a t i o n s  model  on a 
sphere.  This s t a b i l i t y  boundary  appears t o  have t h e  same c h a r a c t e r i s t i c  
shape as tha t  o f  t he  annu lus  exper imen ts ,  and i t s  l o c a t i o n  i n  t h e  r e g i m e  
diagram i s  r o u g h l y   i n  accordance  w i th   p red ic t ions   f rom a l i n e a r   b a r o -  
c l i n i c  i n s t a b i l i t y  model  on a be ta  p lane.  
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The square root of Taylor number, used as the abscissa in the 
regime  diagram,  contains  among  other  things  the  inverse  first  power of 
the viscosity  coefficient.'  Consequently,  the  location of the  stability 
boundary in the  regime  diagram is sensitive  to  the  amount  of  viscosity 
present.  Our  model contains  a  horizontal  eddy  viscosity and a vertical 
eddy  viscosity.  We  are  presently  nearing  the  end  of a  series of experi- 
ments designed to assess the relative effects of these two types of 
damping  on the  location of the  model  stability  boundary.  Our  tentative 
conclusion is that the vertical eddy viscosity is dominant. Ye have 
recently  become  aware  that  the  vertical  eddy  viscosity  as it exists in 
the model really has two parts: the stress at the lowest model grid 
point  is  specified  by a quadratic  surface  drag  law  with  fixed  drag coef- 
ficient  and the  stress at  all  other  model  levels  goes  like the  product 
of a diffusion  coefficient K and  the  vertical  shear  of  the  horizontal 
flow. Many of our results to date, including our assessment of the 
location of the stability boundary in the  regime  diagram,  have  been 
obtained  from  runs in which  we  varied K but  failed  to  vary the  surface 
drag coefficient. We have eliminated this problem by specifying that 
the stress  go  like K times  shear  everywhere  and  imposing a no-slip  cond- 
ition  at  the  lower  boundary.  We  are  presently  running many  of  our  cases 
over  again  with  this  new  boundary  layer  formulation,  anticipating  that 
this  new  modification  will  change  the  location  of  the  stability  boundary 
but  will  not significantly alter  its  shape. 
Plans for FY-82: 
Once we  have  the  firmly  established  the  shape  and  location of the 
stability  boundary  and  understand .in terms  of  model  dynamics  why it  is 
where it is,  we  will  go  on  to  explore specific  features and character- 
istics  of  wave  fields  present.  First on our  list  will  be a search  for 
the  region in the  regime  diagram  where  wave  vacillation  occurs,  then  we 
will  try  to  map  out  the  subregions  where  the  period  of  the  vacillation 
is long and where it is short. We will analyze individual cases of 
vacillation and examine the energy cycle, comparing our results with 
what  is  known  from  the  vacillation  studied in the  annulus  experiments. 
We will also seek to find subregions in the  regime  diagram  where  the 
wave  field  is  dominated  by a single  wave  and  at the  other  extreme,  where 
so many waves are present that the flow field is irregular. As a 
further  extension  of  our  work  which  will  make  full  use  of all the data 
generated  from  our  many  model  runs,  we  propose to regard  our  model  as a 
climate system whose external parameters are an imposed meridional 
temperature gradient and rotation rate and will seek to define the 
climate by systematically assembling mean quantities and fluctuation 
statistics  from  these  data. 
Publications  since  June 1980: 
None. 
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T i t l e :  The AGCE Ins t rumen t   Feas ib i l i t y   S tudy  
Research   Inves t iga tor   Involved:  William W. Fowlis 
NASA, ES82 
MSFC, AL 35812 
T e l  : 2051453-2047 
Signif icant  Accomplishments  FY81: 
P r e l i m i n a r y  s c i e n t i f i c  d e s i g n  c a l c u l a t i o n s  h a d  d e t e r m i n e d  that t h e  
AGCE a p p a r a t u s  h a s  t o  b e  d i f f e r e n t  f r o m  the GFFC i n  t h r e e  m a j o r  r e s p e c t s :  
1. A l a r g e ,  s t a b l e ,  r a d i a l  t e m p e r a t u r e  g r a d i e n t  w i t h  a s s o c i a t e d  
inwards  hea t  f low has  to  be  main ta ined .  
2 .  The  d iameters  of  - the  spheres  have  to  be  increased .  
3 .  A l a r g e r  v a l u e  o f  t h e  l i q u i d  d i e l e c t r i c  c o n s t a n t  a n d / o r  a h ighe r  
v o l t a g e  a r e  r equ i r ed .  
I t  was a l s o  clear t h a t  it w a s  n o t  p r a c t i c a l  t o  s c a l e - u p  t h e  o p t i c a l  
sys t em o f  the  GFFC t o  accommodate t h e  l a r g e r  s p h e r e s  r e q u i r e d  f o r  t h e  AGCE; 
new c o n c e p t s  f o r  t h e  f l o w  and  temperature  measurement were needed.  These 
r e q u i r e m e n t s  l e d  t o  a Feas ib i l i t y  S tudy  which  w a s  awarded  to  the  Space  
Div i s ion  o f  t he  Genera l  E lec t r i c  Company, Valley  Forge,   Pennsylvania,  
January 81. The t a s k  l i s t  w a s  as fo l lows:  
1. Dielectric l i q u i d s   u r v e y  
2 .  High  vol tage  and  high  f requency  sources  
3.  Dust  removal 
4 .  Observat ion of the   f l ow  and   da t a   s to rage  
5.  Op t i ca l   f i e ld   o f   v i ew 
6 .  Thermal c o n t r o l  
7 .  C o n t r o l   o f   t h e   t o t a l   a p p a r a t u s  
8 .  Material f o r  the  o u t e r   s p h e r e  
9.  C o n f i g u r a t i o n   o f   t h e   t o t a l   a p p a r a t u s  
10 .  Des ign   and   f ab r i ca t ion   cos t s  
The 'Feas ib i l i t y  S tudy  was comple ted  dur ing  Ju ly  81 and much w a s  
accomplished. The fo l lowing  is a summary o f  t h e  r e s u l t s .  
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1. A new concept for the flow and temperature measurement using an 
o p t i c a l  s c a n n e r  w a s  worked ou t .  Th i s  dev ice  w i l l  b e  a b l e  t o  make measure- 
men t s  t o .  t he  spec i f i ed  accu racy  and  will n o t  r e q u i r e  t h e  l a r g e  l e n s e s  o f  
t h e  GFFC. 
2 .  Seve ra l  h igh  d i e l ec t r i c  cons t an t  l i qu ids  wi th  compa t ib l e  pho to -  
chromic  dyes were recommended. T h e s e  l i q u i d s  s a t i s f y  t h e  many o t h e r  
c o n s t r a i n t s  of t h e  AGCE a p p a r a t u s ,  b u t  t h e i r  r e l a t i v e l y  h i g h  v a l u e s  o f  
e l e c t r i c a l  c o n d u c t i v i t y  may st i l l  present  problems.  
3 .  A vo l t age  source  o f  up  to  15,000 v o l t s  r m s  which meets o u r  
s p e c i f i c a t i o n s  i s  f e a s i b l e .  
4 .  The o p t i c a l  and t h e r m 1  s p e c i f i c a t i o n s  f o r  t h e  o u t e r  s p h e r e  mean 
t h a t  s a p p h i r e  is t h e  o n l y  s u i t a b l e  material. A l a r g e  enough  boule  can 
be grown t o  meet o u r  s i z e  r e q u i r e m e n t k b u t  t h e  h e m i s p h e r e  will have  to  
b e  c u t  from t h e  b o u l e  s u c h  t h a t  t h e  o p t i c  a x i s  will r o t a t e  i n  t h e  e q u a t o r i a l  
p l ane .  Th i s  i n  tu rn  means t h a t  b i r e f r i n g e n c e  e f f e c t s  w i l l  b e  p r e s e n t  i n  
the  scanne r  bu t  on ly  a small degradat ion of  the measurement  accuracy w i l l  
r e s u l t  . 
5. The r ema in ing   t a sks ,   dus t   r emova l ,   t he rma l   con t ro l ,   t o t a l   appa ra tus  
con t ro l  and  appa ra tus  conf igu ra t ion  can  a l l  be accomplished with s tandard 
technology. It was recommended that a l l  d a t a   b e   t e l i m e t e r e d   d i r e c t l y  
t o  g r o u n d ;  t h i s  w i l l  a l l o w  f o r  real  time examination by t h e  s c i e n t i f i c  
i n v e s t i g a t i o n  a n d  h e n c e  f o r  more f l e x i b i l i t y  w i t h  t h e  AGCE experiments.  
Current Focus of Research Work: 
We are  c o n t i n u i n g  t o  assess t h e  F e a s i b i l i t y  S t u d y .  
P l a n s   f o r  N82 : 
In g e n e r a l ,  i n  l i q u i d s ,  a h i g h  d i e l e c t r i c  c o n s t a n t  is a s s o c i a t e d  
w i t h  a h i g h  e l e c t r i c a l  c o n d u c t i v i t y .  P u r i f i c a t i o n  c a n  r e d u c e  t h e  
conduc t iv i ty .   Pu r i f i ca t ion   p rocedures  recommended i n   t h e   F e a s i b i l i t y  
Study w i l l  be  examined. The photochromic  dyes recommended w i l l  a l s o  b e  
examined. 
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Research I n v e s t i g a t o r s :  D r .  John Hart Dr. J u r i  Toomre 
Uziversity of Colorado 
Boulder,  CO 80303 
D r .  George H. F i c h t l  
Dr. W i l l i a m  Fowlis 
NASUFkrshall  Space Flight Center 
Mail Code: ES82 
Marshal l   Space  Fl ight  Center; AL 35812 
D r .  Pe t e r  Gilman 
High Al t i tude  Observa tory  
Nat ional  Center  for  Atmospheric  Research 
Boulder, CO 80303 
S i g n i f i c a n t  Accomplishments FY81: 
Instrument  Hardware: The Ey81 work e f f o r t  w a s  devo ted  to  f ina l  
fabr ica t ion  and  tes t ing  and  checkout .  A t  t he  beg inn ing  o f  t he  r epor t ing  
per iod ,  engineer ing  des ign  changes  and  repa i rs  were be ing  made t o  c o r r e c t  
s t r u c t u r a l  f a i l u r e s  that occurred  dur ing  v ibra t ion  tests o f  t h e  GFFC 
pe r fo rmed  p r io r  t o  the  beg inn ing 'o f  t he  r epor t ing  pe r iod  ( Ju ly  1980).  
The f a i l u r e s  c o n s i s t e d  of 1 )  a weld f a i l u r e  w h i c h  bonded t h e  LED da ta  
d i s p l a y  h o u s i n g  t o  t h e  GFFC o p t i c a l  s y s t e m ,  2 )  f a i l u r e  o f  t h e  o i l  b e l l o w s  
support   rack,   and 3) f a i l u r e  of GFFC o i l  b e l l o w s .  The f i x e s  f o r  t h e s e  
f a i lu re s ,  wh ich  r e su l t ed  f rom a review h e l d  a t  MSFC, cons i s t ed  o f  1 )  
improving the weld of  the LED h o u s i n g  t o  t h e  GFFC op t i ca l  sys t em,  and 
a d d i n g  s t r u c t u r a l  members between the LED housing and the instrument  
proper  to  provide  more r i g i d i t y ,  2 )  a d d i n g  s t r u c t u r a l  s t r e n g t h  t o  t h e  
o i l  be l lows  hous ing  and  3 )  r e p a i r  o f  t he  f a i l ed  o i l  be l lows  and  pe r fo rmance  
of  l e a k  tests on t he  be l lows  that d i d  n o t  f a i l  t o  a s s u r e  a set of  four  
f u n c t i o n i n g  o i l  b e l l o w s .  EMI t e s t i n g  a n d  f i n a l  s h a k e  t e s t s  are  now under- 
way. 
In February 1981, D r .  John Hart and D r .  J u r i  Toomre, v i s i t e d  t h e  
A e r o j e t  f a c i l i t y  a t  Azusa, Ca l i fo rn ia  to  r ev iew p rogres s  on the  in s t rumen t ,  
o b t a i n  test da ta   f i lm,   and   inspec t   the  GFFC instrument .  It  w a s  concluded 
that a number of  minor  changes were needed.  These included electronic  
f i l t e r s  t o  s t a b i l i z e  t h e  LED d isp lay  readouts  of  GFFC sphere temperature ,  
l i g h t  f i l t e r s  t o  b a l a n c e  t h e  n o r t h - s o u t h  a n d  east-west shadowgraph f i l m  
g rayness  fo r  r ecove r ing  t empera tu re  f i e ld  da t a ,  mod i f i ca t ion  o f  t he  LED 
d i s p l a y  r e a d o u t  t o  i n d i c a t e  p i c t u r e  t y p e  (N-S, E-W, of photochromic dot 
p ic ture) ,  rep lacement  of  a Zener diode so a s  t o  r e d u c e  v o l t a g e  l e v e l  
a s s o c i a t e d  w i t h  u l t r a v i o l e t  f l a s h  t o  e x c i t e  p h o t o c h r o m i c  d y e s  a n d  h e n c e  
r e d u c e  t h e  i n t e n s i t y  of t h e  u l t r a v i o l e t  l i g h t  t o  p r e c l u d e  o v e r  e x p o s u r e  
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of t h e  photochromic  subs tance  in  the  working  f lu id .  A s  a r e s u l t  of 
discussions between the instrument  scientist, lead  engineer ,  and  
A e r o j e t ,  t h e  c o r r e c t i o n s  r e q u i r e d  by t h e  GFFC Science Team were incorpo- 
rated by t h e  Aerojet wi thou t  i ncu r r ing  add i t iona l  cos t s .  
As a r e s u l t  o f  EM1 tests performed p r i o r  t o  F e b r u a r y  1981, six 
t empera ture  sensors  loca ted  be low the  sur face  of  the  inner s p h e r e  f a i l e d .  
However, because of  redundancy ( two sensors  a t  e a c h  l a t i t u d e )  t h e  GFFC 
s t i l l  has  tempera ture  meas,urement capab i l i t y  and  hence  con t ro l  a t  each 
o f  t h e  i n n e r  s p h e r e  l a t i t u d e s  a t  wh ich  the  GFFC h e a t e r s  are loca ted .  
However, i t  was noted  by Aero je t  t ha t  t he  t empera tu re  senso r so in  
q u e s t i o n  f a i l e d  a t  a temperature  a few degrees higher than 45 C. As 
a result Aeroj et has  cons t ra ined  ins t rument  opera t  ion  to  tempera tures  
of 4 5 O C  and below. The design requirements ca l l  f o r  a GFgC which can 
provide  inner  sphere  opera t ing  tempera tures  as  h i g h  as 55 C agd automatic 
shut-down c a p a b i l i t y  when inner   sphere  temperatures   exceed 60 C. The 
f i x  that has been agreed upon  by theScienceTeam, Spacelab Payloads 
Project  Off ice ,  and NASA Headquar te rs  cons is t s  of  1) t e s t i n g  t h e  
ins t rument  for  per iod  of  30 hours  and accept ing i t  i f  no f u r t h e r  tempera- 
tu re  senso r  f a i lu re s  occur  and  2)  including software and hardware to 
sense a fa i led  sensor  on-orb i t  and  shut -of f  the  hea ter  a t  t h e   l a t i t u d e  
where t h e  f a i l u r e  o c c u r s  so tha t  exper iments  can  still  be performed in  
t h e  u n l i k e l y  e v e n t  o f  a d d i t i o n a l  f a i l u r e s  o n - o r b i t ,  o t h e r w i s e  a runaway 
hea t ing  cond i t ion  w i l l  occur  a t  t h e  f a i l e d  l a t i t u d e .  
Data Mrtagement Plan:  A da t a  management plan  has   been  prepared  and 
has  been  ma i l ed  ou t  fo r  review by the  Sc ience  Team and  appropr i a t e  NASA 
management:. "ha d a t a  management p lan  encompasses  the  to ta l  GFFC p r o j e c t  
including software development, computer purchases, ground-based tests, 
da ta  f low,  pos t f l i gh t  da t a  ana lys i s ,  documen ta t ion ,  and  a rch iv ing  o f  t he  
GFFC f l igh t  f i lm  a long  wi th  expe r imen t  desc r ip t ions  and  in fo rma t ion  
concern ing  the  thermodynamic and dynamic s ta te  o f  t he  Space lab /Orb i t e r  
d u r i n g  t h e  GFFC experiments on the Spacelab 3 Mission. 
P repa ra t ions  fo r  Br ing ing  GFFC t o  MSFC: P repa ra t ions  f o r  b r ing ing  
t h e  GFFC instrument  to  MSFC have  been  underway s ince  the  f i r s t  o f  th i s  
ca lendar  year .  D r .  Fred Lesl ie /ES82 has  been assigned the task of  
lnaking these  p repa ra t ions .  H e  w i l l  be  the  pr ime opera tor  of  the  GFFC 
a t  BFC. H e  has  rece ived  the  necessary  MSFC t r a i n i n g  f o r  h a n d l i n g  
f l i gh t  ha rdware .  A l ist of  equipment to  support  ground  based tests has 
been  prepared  wi th  the  lead  engineer .  This  list inc ludes  a power supply,  
a n  a i r  f low source,  a i r  duct ing,  semiconductor  chips ,  instrument  pro-  
gramming equipment, etc. In  add i t ion ,  a c l ean  room has been i d e n t i f i e d  
i n  B u i l d i n g  4487 (Room B173) for performance of ground based tests and 
s to rage  o f  t he  in s t rumen t .  
Spacelab 3 Miss ion   In te r faces :  Work progressed  smoothly  during  the 
r e p o r t i n g  p e r i o d  r e l a t i v e  t o  a s s u r i n g  that GFFC/SL3 i n t e r f a c e s  were 
s a t i s f i e d .  A key milestone was t h e  b a s e l i n i n g  o f  t h e  GFFC Ekperiment 
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Requirements Document (ERD). As a r e s u l t  t h e  SL3 Mission has accepted 
our requirement of 84 hours  of o n - o r t i t  GFFC opera t ion  tfme. The 
cur ren t  SL3 t imel ine  acconmPdates th i s  requi rement .  
Current Focus of Research Work: 
The cu r ren t  work a c t i v i t y  is aimed a t  implementing t h e  hardware/ 
software changes and performing the necessary tests t o  r e s o l v e  t h e  
technica l  i s sues  center ing  on  the  fa i led  tempera ture  sensors  and  
complet ing the EMI and shake tests. 
Plans for  FY82 : 
During FY82 w e  p l an  to  1) complete the work a s soc ia t ed  wi th  t e s t ing  
the inner sphere temperature sensors and completion of the software/ 
hardware to  acconnnodat e temperature  sensor  fa i lures  on-orbi t  , 2)  p a r t i c i p a t e  
i n  t h e  SL3 Integrated Design Evaluation (IDE) and satisfy SL3/GFFC 
milestones,  and 3) complete the necessary preparations to b r l n g  t h e  
GFFC instrument to MSFC and 4) hi t  i a t e  GFFC tests a t  MSFC to support  
Science Team a c t i v i t i e s .  
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T i t l e :  S tud ie s   o f   So la r   and   P l ane ta ry   Convec t ion   fo r  GFFC 
Inves t iga tors   Involved:   John  E .  Har t  
Department of Astrogeophysics 
Universi ty  of  Colorado 
Boulder,  CO 80309 
Tel:  303/492-8568 
J u r i  Toomre 
Department of Astrogeophysics 
Universi ty  of  Colorado 
Boulder,  CO 80309 
Tel:  303/492-8768 
P e t e r  Gilman 
Nat ional  Center  for  Atmospheric  Research 
Boulder,  CO 80301 
Tel:  303/494-5151 
Signif icant  Accomplishments  FY80: 
1. S e v e r a l   f u l l y   n o n - l i n e a r ,   t h r e e - d i m e n s i o n a l ,   u n s t e a d y  
numer ica l  s imula t ions  of  f lows  expec ted  in  the  Geophys ica l  
F lu id  Flow Cell   were  completed.  Common t o  a l l  t h e s e  i n t e g r a t i o n  
a re  hemispher ic i ty  (wi th  a h o r i z o n t a l  i n s u l a t i n g  b a r r i e r  a t  t h e  
e q u a t o r ) ,  l / r 5  g r a v i t a t i o n a l   a c c e l e r a t i o n ,   r o t a t i o n ,   a n d  
s p h e r i c a l l y  s y m m e t r i c  h e a t i n g  ( h o t  i n n e r  s p h e r e ,  c o o l  o u t e r  
s p h e r e ) .  The gene ra l   conc lus ion   f rom  these   s tud ie s   a r e :  
f rom those with l / r  s o r  c o n s t a n t  a c c e l e r a t i o n .  a )  Flows f r l / r5  g r a v i t y   a r e   a l m o s t   i n d i s t i n g u i s h a b l e  
b)   For   moderate   to   high  Taylor  number  (30,000 t o  
3 0 0 , 0 0 0 )  and  moderately  supercr i t ical   Rayleigh  number,   the  
d i f f e r e n t i a l  r o t a t i o n  i s  o n l y  s i g n i f i c a n t  a t  h i g h  l a t i t u d e s .  
There,  i t  i s  a r e s u l t  o f  C o r i o l i s  t u r n i n g  on  East-West   or iented 
ce l l s .   R ig id   wa l l s   l ower   eddy   ve loc i t i e s   and   r educe   any  
R e y n o l d s '  s t r e s s  d r i v e n  e q u a t o r i a l  a c c e l e r a t i o n .  
c )  The dominant   eddy   type   for   the   cases   descr ibed   in  
b )  a r e  N o r t h - S o u t h  r o l l s  i n  e q u a t o r i a l  r e g i o n  ( c e l l  s c a l e  
approx ima te ly  equa l  t o  f lu id  l aye r  dep th ) ,  and  quas i -Eas t -Wes t  
r o l l s  a t  h i g h  l a t i t u d e s .  
2 .  A two-dimensional  numerical   simulation  of  compressible 
thermal   convect ion  of  a non- ro ta t ing   gas  was completed. The 
gene ra l  a spec t s  o f  convec t ion  a re  on ly  s l i gh t ly  mod i f i ed  f rom 
the  Boussinesq  ( incompressible)   case  providedthe  a tmosphere i s  
l e s s   t h a n   a b o u t   f i v e   s c a l e   h e i g h t s   d e e p .  (The r igo rous  
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Boussinesq limit i m p l i e s  d e p t h s  s u b s t a n t i a l l y  less  than  a 
s c a l e   h e i g h t . )   T h e s e   r e s u l t s   g i v e  us conf idence   i n   ex t end ing  
GFFC r e s u l t s  t o  f u n d a m e n t a l  p r o c e s s e s  i n  p l a n e t a r y  a t m o s p h e r e s .  
3 .  GFFC, t h e o r e t i c a l ,   a n d   o t h e r   l a b o r a t o r y   m o d e l s   o f  
convect ion a l l  sugges t  t ha t  t he  dominan t  ho r i zon ta l  convec t ion  
sca le  i s  on t h e  same o r d e r  as t h e   f l u i d   d e p t h .  However, 
s a t e l l i t e  p i c tu re s   o f   meso- sca l e   convec t ion   ove r   t he   ocean  
i n d i c a t e  h o r i z o n t a l  scales of  motiofl  many, many t imes  g rea t e r  
t h a n  t h e  ve r t i ca l  s c a l e .  An e f f o r t  was made t o  u n d e r s t a n d  
t h i s   i m p o r t a n t   d i f f e r e n c e .  A l i n e a r   s t a b i l i t y   c a l c u l a t i o n  
f o r  c o n v e c t i o n  t h a t  i n c l u d e s  b o t h  l a t e n t  h e a t  r e l e a s e ,  a n d  
e n t r a i n m e n t  o f  s t a b l e  a i r  f rom a l o f t  by microsca le  turbulence  
was comple ted .   This   ca lcu la t ion  showed t h a t   t h e   d i f f e r e n t i a l  
en t ra inment  of  a growing c e l l  a c t s  l i k e  a n  i n s u l a t i n g  w a l l  
( a c t u a l l y  a ' super '   insu la t ing   one)   and   cause   the   maximal ly  
g rowing  l inea r  d i s tu rbance  to  have  a very large wavelength/  
d e p t h   r a t   i o .  
4 .  Software t o  o b t a i n   d i g i t i z e d   d a t a   f r o m   t h e  GFFC f i l m  
was w r i t t e n .  So f a r   p r o g r a m s   t o   r e - r e g i s t e r   t h e   i m a g e ,   d e c o d e  
d iode  ma t r ix  da t a ,  and  d ig i t i ze  the  Sch l i e ren  images  a re  
o p e r a t i o n a l .  
P l a n s  f o r  FY82:  
The  main focus  of  research  w i l l  be concerned with ground- 
b a s e d   t e s t i n g   o f   t h e  GFFC instrument.   Experiments w i l l  be 
c a r r i e d  o u t  a t  A e r o j e t ,  a n d  l a t e r  a t  M a r s h a l l ,  t h a t  i n c l u d e  
r u x s  i n  t h e  i n v e r t e d / s t a b l e  mode w i t h  t h e  h o t  i n n e r  s p h e r e  
above   the   cool   ou ter   sphere  i n  t h e  E a r t h ' s  g r a v i t a t i o n a l  f i e l d .  
In  th i s  conf igu ra t ion  the  mot ions  a re  expec ted  t o  be  slow  and 
ax isymmetr ic   for  a wide  range of  ex te rna l   pa rame te r s .  Thus 
comparisons can be made w i t h  e x i s t i n g  t h e o r e t i c a l  m o d e l s  f o r  
convec t ive  f low in  enc losed  cav i t i e s ,  mode l s  t ha t  have  a l r eady  
b e e n   v e r i f i e d  by comparisons w i t h  experiment.  T h i s  e x e r c i s e  
w i l l  a l l ow us  to  exe rc i se  the  da t a  r educ t ion /ana lys i s  sys t em 
and t o  c a l i b r a t e  t h e  o p t i c a l  S c h l i e r e n  s y s t e m  on t h e  GFFC. 
We s h a l l  a t t e m p t  t o  do some low reso lu t ion  3-d  numer ica l  
models of GFFC convec t ion  a t  modera te  to  h igh  Taylor  numbers  
and  high  Rayleigh  number ( R a - 6 0 0 , 0 0 0 ) .  I t  i s  hoped t h a t  t h i s  
p a r a m e t e r  s e t t i n g  w i l l  l e a d  t o  a l a r g e r  amount of Reynold's 
s t r e s s  d r i v e n  e q u a t o r i a l  a c c e l e r a t i o n  t h a n  p r e v i o u s  c a s e s  
t h a t  h a d  o n l y  m o d e s t  s u p e r c r i t i c a l l i t y .  
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. .- .. .. ". . .. 
The model of compressible convection shall be extended 
to  three dimensions,  to  see '  i f  compressibi l i ty  can inf luence 
the plan-form selection mechanisms. 
Other calculations w i l l  be  carr ied out  as the need ar ises .  
For example, we a n t i c i p a t e  t h a t  i f  t h e  o r b i t  a x i s  o f  SL3 
i s  sh i f ted  of f  the  cur ren t  5' out  o f  plane band in  response 
to t h e  needs of ATMOS, we w i l l  have to  re -assess  the  poss ib le  
occurrence and amplitude of precessionallp driven motions in 
GFFC . 
Publicat ions:  
Hathaway, D . ,  P .  A .  Clilman, J .  A .  Toomre. Convective 
i n s t a b i l i t y  when the temperature and ro ta t ion  vec tor  a re  
obl ique to  gravi ty ,  Par t  11. Real Fluids with Effects of 
Diffusion.  hysical  and Astrophysics  Fluid Dynamics. 
Vol. 15 ,  pag 
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SECTION I 1 1 .  SEVERE STORMS AND LOCAL WEATHER RESEARCH 
The NASA program of Severe  Storms  and Local Weather  Research is 
to conduct  applied  research  and  development  using  space-related  techniques 
and observations  that will increase  the  basic  understanding of storms  and 
local weather  which  will  help to improve  the  accuracy  and  timeliness of 
local weather  forecasts and were  weather  warnings. 
James Dodge 
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T i t l e :  Lightn ing  Mapper  Development -. Program  Overview 
Research   Inves t iga tors   Involved:  D r .  Hugh C h r i s t i a n  
Mail  Code: ES83 
MSFC, AL 35812 
T e l :  205/453-2463 
Mr. Tom Barnes 
Mail  Code: EC35 
MSFC, AL 35812 
Tel:  205/453-1574 
Signif icant   Accomplishments  FY81: 
Developed new i n s t r u m e n t a t i o n  t o  m e a s u r e  t h e  o p t i c a l  
c h a r a c t e r i s t i c s   o f   l i g h t n i n g .   T h e s e   i n s t r u m e n t s   i n c l u d e  
an  op t i ca l  a r r ay  senso r  wh ich  i s  designed t o  measure  the  
s p a t i a l  a n d  t e m p o r a l  c h a r a c t e r i s t i c s  o f  l i g h t n i n g  i n  any 
b a c k g r o u n d  l i g h t  r e f l e c t e d  f r o m  c l o u d  t o p s ,  a n  o p t i c a l  
pu l se  de t ec to r  w i th  mic rosecond  t empora l  r e so lu t ion  
c o v e r i n g  t h e  same f i e l d  o f  v i ew as  the  op t i ca l  a r r ay  senso r ,  
and a h igh  reso lu t ion  spec t rometer  producing  a l i g h t n i n g  
spectrum with near ly  angstrom wavelength resol tuion every 
few m i l l i s e c o n d s .  
These  senso r s ,  t oge the r  w i t h  a n  e l e c t r i c  f i e l d  c h a n g e  
meter ,  a w i d e  f i e l d  o f  v i e w  o p t i c a l  p u l s e  d e t e c t o r ,  CCD 
te lev is ion  camera  and  two t ime lapsed cameras ,  were inte-  
g r a t e d  i n t o  a NASA/ARC U - 2  a i r c r a f t  and  f lown  over  thunder- 
storms  during  August  19'81. 
Current Focus of Research Work: 
Our p re sen t  r e sea rch  i s  d i r e c t e d  t o w a r d  o b t a i n i n g  t h e  
q u a n t i t a t i v e  l i g h t n i n g  d a t a  t h a t  i s  needed f o r  the  deve lop-  
ment o f  a s a t e l l i t e - b a s e d  l i g h t n i n g  d e t e c t i o n  a n d  l o c a t i o n  
system. The type  o f  data   required  includes  measurement   of  
a .   a b s o l u t e   i n t e n s i t y   a n d   v a r i a b i l i t y   o f   t h e   l i g h t  
r e f l e c t e d  from cload tops,  
b.  a b s o l u t e   i n t e n s i t y   a n d   v a r i a b i l i t y   o f   l i g h t n i n g  
gene ra t ed  op t i ca l  emis s ions  r ad ia t ing  f rom c loud  tops ,  
c .   a b s o l u t e   i n t e n s i t y   a n d   w i d t h   o f   l i g h t n i n g   s p e c t r a l  
e m i s s i o n  l i n e s .  
Our primary means f o r  a c q u i r i n g  t h e  n e c e s s a r y  d a t a  h a s  
b e e n  t o  f l y  t h e  ARC U - 2  ( ca r ry ing  the  p rev ious ly  desc r ibed  
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i n s t rumen t   package ]   ove r   t hunde r s to rms   du r ing   bo th   day t ime  
a n d   n i g h t t i m e   a n d   m e a s u r i n g   l i g h t n i n g   c h a r a c t e r i s t i c s .  I t  
i s  e x p e c t e d  t h a t  t h i s  a p p r o a c h  w i l l  u l t i m a t e l y  r e d u c e  t h e  
d a t a  t h a t  i s  r e q u i r e d  f o r  p r o g r e s s  o f  t h e  l i g h t n i n g  m a p p e r  
d e f i n i t i o n  s t u d y .  
P l a n s   f o r  FY82: 
We e x p e c t  t o  c o n t i n u e  o u r  f o c u s  o n  t h e  U - 2  r e s e a r c h  
e f f o r t   d u r i n g  F Y 8 2 .  Changes t o   t h e  U - 2  i n s t r u m e n t a t i o n  
package  w i l l  i n c l u d e  t h e  a d d i t i o n  of  a h i g h e r  r e s o l u t i o n  
s p e c t r o m e t e r  a n d  a CAMAC b a s e d  t r a n s i e n t  d i g i t i z e r / r e c o r d e r  
s y s t e m .   I n   a d d i t i o n ,  we p l a n   t o   i n c l u d e   t h e  time r e s o l u t i o n  
o f  t h e  o p t i c a l  a r r a y  s e n s o r  a n d  t e s t  a p r o t o t p y e  b a c k g r o u n d  
s u b t r a c t i o n  s y s t e m .  
A d d i t i o n a l   r e s e a r c h   e f f o r t s  w i l l  i n c l u d e :  
a .   I n i t i a t i o n  o f  a f o r m a l   l i g h t n i n g   m a p p e r   d e f i n i t i o n  
s t u d y .   E x p l o r e   a v a i l a b i l i t v  o f  A F  " p i g g y b a c k "   s e n s o r   f l i g h t .  
b .   D e t a i l e d   s t u d y  o f  p o t e n t i a l   s r o u n d - . b a s e d  RF sys t ems  
f o r   h y b r i d   a p p l i c a t i o n s .   C a n d i d a t e   s y s t e m s   i n c l u d e  E L F  
( T a y l o r ,  NSSL) , p h a s e  l i n e a r  i n t e r f e r o m e t e r s  ( J o h n s o n ,  SWRI) , 
and a LLP ne twork .  
c .  S t u d y   o f   h u r r i c a n e   e l e c t r i f i c a t i o n   u s i n g   d u a l   p h a s e  
l i n e a r  RF i n t e r f o r o p e t e r ;  o n e  i n s t a l l e d  a t  S a n  A n t o n i o ,  T e x a s  
a n d   o n e   a t   H u n t s v i l l e ,   A l a b a m a .  
d .   Con t inue   h igh  t ime r e s o l u t i o n  UHF measurements .  
e .  S t u d y   o f   t h e   r e l a t i o n s h i p s   b e t w e e n   s t o r m   s e v e r i t y  
a n d  l i g h t n i n g  a c t i v i t y .  
Recommendations  for New Research:  
Use t h e  BLM w e s t e r n  l i g h t n i n g  n e t w o r k  i n  c o n j u n c t i o n  
w i t h  g r o u n d - b a s e d  r a d a r  a n d  w e a t h e r  s a t e l l i t e s  t o  s t u d y  
s to rm deve lopmen t  and  p ropaga t ion .  
List o f  P u b l i c a t i o n s  P r e p a r e d  S i n c e  J u n e  1 9 8 0 :  
C h r i s t i a n ,  Hugh J . ,  "De tec t ion   o f   L igh tn ing   f rom  Space  
P r e l i m i n a r y  S t u d y .  
C h r i s t i a n ,  Hugh J .  and   Wi l l iam W .  Vaughan,   "Lightning 
De tec to r  and  Loca t ion  Techn iques . ' "  
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T i t l e :  Thundercloud  and  Lightning  0b.servations Made from 
Above i n  Connection with NOSL 
Resea rch   Inves t iga to r s   Invo lved :  Dr. Bernard  Vonnegut 
S t a t e  U n i v e r s i t y  of New York 
1400  Washington Avenue 
Albany, New York 1 2 2 2 2  
Tel :  518/457-4607 
Mr. 0. H.  Vaughan 
Atmospheric  Sciences Divis ion 
Space Sciences Laboratory 
Marsha l l   Space   F l igh t  Ctr., AL 35812 
D r .  Marx Brook 
RGD Div is ion  
New Mexico Ins t .  o f  Mining  6 
Technology 
Socorro ,  NM 
a t  Albany 
Signif icant   Accomplishments  : 
A c t i v i t i e s  d u r i n g  t h e  p a s t  y e a r  h a v e  b e e n  p r i m a r i l y  
c o n c e r n e d  w i t h  p r e p a r a t i o n  f o r  t h e  NOSL exper iment  to  be  
f lown  as  pa r t  o f  OSTA-1 on STS-2 t o  be  launched  September 
30th.  The d a t a   o b t a i n e d   w i t h   t h e  NOSL equipment on t h e  
ground a t  t he  Na t iona l  Seve re  S to rms  Labora to ry  by 0 .  H .  
Vaughan of  Marsha l l  Space  F l ight  Center  and  synchronized  by 
t h e  l a b o r a t o r i e s  i n  H u n t s v i l l e  h a s  shown t h a t  good photo- 
g r a p h i c  r e c o r d s  a n d  s p e c t r a l  d a t a  o f  l i g h t n i n g  c a n  b e  o b -  
t a ined  wi th  the  camera  and  co r re l a t ed  wi th  the  t ape  r eco rded  
d a t a  f r o m  t h e  p h o t o c e l l  o p t i c a l  s y s t e m .  
To o b t a i n  g r o u n d  t r u t h  i n f o r m a t i o n  r e q u i r e d  f o r  t h e  i n t e r -  
p r e t a t i o n  o f  t h e  p h o t o c e l l  d a t a  t h a t  w i l l  be  taken from the 
S p a c e  S h u t t l e ,  a s e r i e s  o f  f l i g h t s  h a s  b e e n  made w i t h  a U - 2  
a i r c r a f t  i n s t r u m e n t e d  t o  t a k e  p h o t o g r a p h s  o f  thunderstorms 
from  above. A g r a t i n g  i s  used   w i th   t he   camera   a t   n igh t   t o  
o b t a i n  s p e c t r a ,  a n d  s i g n a l s  f r o m  a pho toce l l  op t i ca l  sys t em 
and a s l o w  a n t e n n a  c h a r a c t e r i z i n g  t h e  l i g h t n i n g  a r e  r e c o r d e d  
on a wide   band   r eco rde r .   These   da t a   a r e   p re sen t ly   be ing  
a n a l y z e d  a t  New Mexico  Tech  and a t  SUNYA and w i l l  be  repor ted  
elsewhere.  
The photographs taken f rom t h e  U - 2  i n  May 1981,  a t  an  
a l t i t u d e  of  65,000. f e e t  o v e r  a t hunde r s to rm nea r  A t l an ta ,  
Georgia,  whose  top was a t  a n  e s t i m a t e d  a l t i t u d e  o f  28,000 
f e e t ,  a r e  similar i n  many r e s p e c t s  t o  t h o s e  o b t a i n e d  t h e  
yea r  be fo re  ove r  a much l a r g e r  s t o r m  a t  4 2 , 0 0 0  f e e t  i n  A r k a n s a s .  
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Both series of  photographs show a number o f  l i g h t n i n g  
c h a n n e l s  v i s i b l e  i n  t h e  c l e a r  a i r  above  the  s t rongly  convec-  
t i v e   c u m u l i f o r m   c l o u d   t o p .  No photographs   thus   fa r   have  
shown i n s t a n c e s  o f  l o n g  v e r t i c a l  c h a n n e l s  f r o m  t h e  c l o u d  
t o p  i n t o  t h e  s t r a t o s p h e r e  s u c h  a s  t h o s e  t h a t  h a v e  b e e n  d e -  
s c r i b e d   i n   t h e  l i t e r a t u r e .  I t  i s  c l e a r ,   h o w e v e r ,   t h a t   t h e r e  
a re  channels  above the cloud as  long as s e v e r a l  k i l o m e t e r s  
i n   h o r i z o n t a l   e x t e n t .   I n   t h e   c a s e   o f   l a r g e   s t o r m s  whose 
c o n v e c t i v e  t o w e r s  p e n e t r a t e  i n t o  t h e  s t r a t o s p h e r e ,  i t  i s  
e v i d e n t  t h a t  t h e s e  l i g h t n i n g  d i s c h a r g e s  may in t roduce  
c h e m i c a l  b y - p r o d u c t s  d i r e c t l y  i n t o  t h e  s t r a t o s p h e r e .  
P l ans   fo r  FY82: 
Continue work on a l l  r e q u i r e d  i n t e r f a c e s  b e t w e e n  MSFC 
and JSC f o r  f u t u r e  NOSL f l i g h t  e x p e r i m e n t  a n d  t r a i n i n g  o f  
S h u t t l e  c r e w  members. 
More U-2 f l i g h t s  a r e  p l a n n e d  f o r  Sp r ing  82 and Summer 
82 f o r  c o l l e c t i n g  l i g h t n i n g  s i g n a t u r e s  f r o m  o n b o a r d  a n d  
g r o u n d  t r u t h  i n s t r u m e n t a t i o n .  
Continued  development  for  an  improved NOSL experiment 
f o r  r e f l i g h t  on S h u t t l e .  
Recommendations f o r  New Research: 
The cause of t h e  l i g h t n i n g  d i s c h a r g e s  t h a t  c a n  b e  s e e n  
looking  down on a thundercloud i s  puzz l ing .   Poss ib ly   t hey  
a r e  u n i p o l a r  i n  n a t u r e ,  r e l i e v i n g  e l e c t r i c a l  s t r e s s e s  by 
t r anspor t ing  cha rge  f rom an  in t ense  cha rge  accumula t ion  in  
the  uppe r  pa r t  o f  t h e  c l o u d  i n t o  c h a r g e - f r e e  r e g i o n s  o f  
c l e a r  o r  c l o u d y  a i r .  A l t e r n a t i v e l y ,  t h e y  may be   d i scha rges  
between regions o f  p o s i t i v e  a n d  n e g a t i v e  s p a c e  c h a r g e  i n  
the   upper   c loud .  I t  w i l l  b e  o f  i n t e r e s t  t o  c a r r y  o u t  
s imi l a r  obse rva t ions  above  thunde r s to rms  occur r ing  ove r  t he  
ocean. If space   cha rge   p roduced   f rom  the   ea r th ' s   su r f ace  
benea th  the  c loud  i s  b e i n g  c a r r i e d  i n t o  t h e  u p p e r  p a r t  o f  
t h e  c l o u d  by convection and i s  p l a y i n g  a p a r t  i n  t h i s  p h e -  
nomenon, t h e r e  may be  much l e s s  l i g h t n i n g  v i s i b l e  i n  t h e  
tops  o f  mar i t ime thunderc louds .  
I t  i s  recommended t h a t  d e t a i l e d  s t u d i e s  b e  made of  
l i gh tn ing  and  C .  T .  R .  Wilson  conduct ion  currents   above 
the  tops  o f  ene rge t i c  t hunde r s to rms  occur r ing  ove r  l a rge  
bodies  o f  wa te r .  
o Compare ground  and U - 2  o b s e r v a t i o n s   u s i n g   c i n e  - cameras, 
o p t i c a l  NOSL, and  video  camera  systems  and RF t e c h n i q u e s  f o r  
c o l l e c t i n g  l i g h t n i n g  s i g n a t u r e s .  
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Thunderstorm Overflight Program, AIAA Paper 80-1934-CP, 
0. H. Vaughan, Jr., B. Vonnegut, R. O r v i l l e ,  M. Brook, 
R.  Tennis. C .  Rhodes.  and D.  Rust. AIAA Sensor  Systems 
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Title: Correlation of Ground-Based Lightning =peri,xnents in Florida, 
New Mexico, Texas, and Oklahoma 
Research  Investigators: 
Dr .  Bruce C. Edgar 
The Aerospace  Corporation 
Los Angeles, CA 90009 
(21 3)  648-5621 
Dr.  Bobby N. Turman 
Sandia  National  Labs 
Albuquerque, NM 871 85 
Significant  Accomplishments F Y  81 : 
1. . Coordinated  delivery of lightning  ground  data  from  three  research 
groups  for  correlation with  the DMSP satellite  lightning  detector. 
2. Discovered  that  correlation  varies  considerably with ground site. 
When lightning  oc.currence  rates  are high  in  Oklahoma  (Sesame)  and  Texas, 
2570 of the  ground  negative return  flashes  correlated  with  satellite  optical 
triggers. However, in Florida the correlation is usually above 5070. 
3. There appears to be no correlation between pulse duration and 
polarity of the  flash  as first hypothesized. 
Current  Focus of Research: 
W e  are  currently bringing  together  the  diverse  data sets so a s  to  put 
together a cohesive  data  base of satellite  ground  lightning  obs.ervations. 
F Y  82 Plans: 
The present  data  analysis was limited to satellite  data with a 4-second 
integration time. We would like  to  correlate  satellite  data with msec  timing 
with ground data. The best data set, when our high time resolution sensor 
was  operating,  was  collected by Mike Maier of NOAA in South Florida  in 
summer 1980. However, AFTAC has been very slow in processing the DMSP 
data and is only to  November of 1979 at  last  word. 
Publications  and  Presentations: 
Turman, B .  N. , and R. J. Tettelbach, Synoptic-Scale Satellite 
Lightning Observations in Conjunction with Tornados, Monthly 
Weather  Rev, - 108,  1878,  1980. 
Turman, B. N. ,  and B. C. Edgar, Global Lightning Distributions 
a t  Dawn and Dusk, accepted for publication, JGR.  
Edgar, B. C., Distribution of Superbolts, presented at the Atmos. 
Elect. Conf. Manchester, England, August 1980. 
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TITLE:  Video Observations'of  Lightning  Spectra 
RESEARCH  INVESTIGATORS: 
K. Stuart  Clifton C.  Kelly  Hill 
ES64 ES84 
Marshall  Space  Flight Center  Marshall  Space  Flight  Center 
(205) 453-2305 (205) 453-2570 
SIGNIFICANT  ACCOMPLISHMENTS  FY81: 
During  the  past  year  the  results  obtained  from  the  1980  obser- 
vations of lightning  spectra  at  Socorro, New Mexico  were  reduced. 
The  purpose  of  the  observations wa to  gain  information  regarding 
a  large  statistical  sample of cloud-to-ground  and  intracloud 
lightning  events.  A  low-light-level  intensified  silicon  in- 
tensified  target  (ISIT)  vidicon  camera was used  for  the  obser- 
vations.  The  camera  was  mated  with  a  f/1.6 25 mm lens  and  a 600 
line/m grating  blazed  to 5000 2. Roughly  a 20° x 30° field of 
view is  subtended  with  this  system. 
Over 250 lightning  flashes  with  definitive  spectra  were  obtained 
in  which 155 were  of  high  quality.  Because  of  the  television 
system's  capability  to  resolve  individual  strokes  within  a  flash, 
the  resulting  number  of  quality  spectra  surpass 600. These  data 
include  not  only  ground  strokes,  but  also  a  number  of  air  dis- 
charges  and  step  leaders.  Comparisons  with  the  work  of  the  pre- 
vious  year  show  a  remarkable  improvement  in  the  overall  quality 
of  these  data  including  the  number  of  detectable  lines  as well as 
improvements  in  the  signal-to-noise  ratio  for  individual  features 
and  the  total  spectra  range  covered  by  the  system.  Over 30 spectral 
features  have  been  identified  in  the  spectral  region of 4000 - 8700 
A .  
In  order  to  analyze  the  video  data  a HP4895 desk  top  computer  has 
been  interfaced  to  an  image memory,  a  digital  tape  drive,  and  a 
plotter.  This  allows  computer  control  of  nearly  all  aspects of the 
analysis  procedures  with  a  significant  reduction  in  the  time re- 
quired  to make  spectral  line  scans  of  the  data,  a  very  important 
factor  in  regards to the  large  amount  of  data so  far  collected. 
Airborne  observations,using  a  slit  spectrograph  with  an  ISIT 
vidicon  detector,of  cloud  top  lightning  have  also  been  conducted 
aboard  a NASA Lear  jet  aircraft.  Flights  were  conducted  at 41000 
feet  altitude  with  cloud-top  levels  ranging  from 37000 - 50000 feet. 
A  quick-look  analysis of the  data  indicate  that  over 50 flashes 
were  recorded  spectrally.  In  addition,  the  slit  spectrograph  was 
used  from  a  ground-based  observatory  to make  simultaneous  obser- 
vations  with  the  slitless  sytem. 
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CURRENT  FOCUS  OF  RESEARCH WORK 
The  data  obtained  from  the  slit  and  slitless  spectrographic 
cameras  are  currently  being  reduced.  Emphasis  for  all  data 
is  placed  on  intracloud  events,  step  leaders,  spectral  dif- 
ferences  between  strokes of a  given  flash,  energy  distribution 
along  the  vertical  extent  of  a  stroke,  and  temperature  relation- 
ships  to  specific  occurrences.  Continual  efforts  are  being made 
to,upgrade the  current  data  analysis  capability  and  to  further 
reduce  the  time  required  for  spectral  analysis  in  general. 
PLANS FOR FY82 
More  effort  will  be  placed  in  the  simultaneous  observation  of 
lightning  events  with  both  slit  and  slitless  spectrographs. 
The  resulting  data  from  both  spectrographs  will  be  mixed  such 
that  both  images  will  be  recorded  simultaneously  onto  the  same 
video frame.  Both  airborne  and  ground-based  research  are  being 
considered  for  the  coming  year. 
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T i t l e :  Remote  Observat ions of Severe   S torms 
R e s e a r c h   I n v e s t i g a t o r s :  D r .  R ichard  E. Orville, ES214 
Department of Atmospher ic  Sc ience  
S t a t e  U n i v e r s i t y  of New York a t  Albany 
1400 .Washington Avenue ' 
Albany, New York 12222 
518-457-3985 
D r .  Eernard  Vonnegut,  ES323 
Atmospher ic  Sc iences  Research  Center  
S t a t e  U n i v e r s i t y  of New York a t  Albany 
1400 Washington Avenue 
Albany, New York 12222 
518-457-4607 
A. SIGNIFICANT ACCOMPLISHMENTS 
1. S p e c t r o s c o p i c   s t u d i e s .  The f i r s t   a b s o l u t e   s p e c t r a l   i r r a d i a n c e  
measu remen t s  o f  t he  l i gh tn ing  f l a sh  have  been  ob ta ined  f rom the  lower  
wavelength ozone cut-off  a t  280 nm t o  t h e  n e a r  i n f r a r e d  l i m i t  of   our 
d e t e c t o r  a t  900 nm.  Many of these  measurements   have  been made b y  u s i n g  
two s p e c t r o m e t e r s  w h i c h  g i v e  u s  a to t a l  wave leng th  cove rage  f rom 380 t o  
900 nm f o r  t h e  same l i g h t n i n g  f l a s h .  T h e s e  d a t a  i d e n t i f y  t h e  s t r o n g e s t  
emitter i n  l i g h t n i n g ,  w h i c h  s u r p r i s i n g l y  i s  n o t  11-alpha, b u t  r a t h e r  o n e  
o r  two n e u t r a l   l i n e s   i n   t h e   n e a r   i n f r a r e d   r e g i o n .   A p p r o x i m a t e l y   1 2 0 0  
spectra o b t a i n e d  i n  1 9 8 1  i n  N e w  Elexico are now be ing  ana lyzed .  Some of 
t h e s e  s p e c t r a  are f rom the  same f l a shes  obse rved  by  K. S. C l i f t o n  a n d  
K. H i l l  w i t h  NASA s p e c t r o m e t e r s .  
-
2. Defense   Me teo ro log ica l   Sa t e l l i t e   P rogram.   Under  a c o o p e r a t i v e  
p r o g r a m  w i t h  t h e  U n i v e r s i t y  of Wiscons in ' s  Space  Sc ience  and  Engineer ing  
C e n t e r ,  w e  h a v e  r e c e i v e d  365 consecu t ive  days  o f  midn igh t  l i gh tn ing  da ta .  
E i g h t y  p e r  c e n t  of t h e s e  d a t a  h a v e  b e e n  d i g i t i z e d  a n d  e n t e r e d  i n t o  o u r  
UNIVAC computer.  Monthly  maps reveal s i g n i f i c a n t   v a r i a t i o n   o f   t h e  
l i g h t n i n g  f r e q u e n c y ,  u s u a l l y  i n  a g r e e m e n t  w i t h  c h a n g e s  i n  t h e  g l o b a l  
c i r c u l a t i o n .  A p r e l i m i n a r y  r e p o r t  on t h i s  work   has   r ecen t ly   been  
p u b l i s h e d  (Orvi l le ,  1981) .  
3. S i m u l t a n e o u s   l i g h t n i n g   l o c a t i o n ,  s a t e l l i t e  d a t a ,   a n d   r a d a r   d i s p l a y s .  
A c o o p e r a t i v e  s t u d y  is  in  p rogres s -  to o v e r l a y  l i g h t n i n g  g r o u n d  s t r i k e  
d a t a  o n t o  v i s i b l e  and I R  s a t e l l i t e  i m a g e r y .   I n   a d d i t i o n ,  we  are d i s p l a y i n g  
t h e  r a d a r  r e f l e c t i v i t y  d a t a .  The l i g h t n i n g  d a t a  were obta ined   by  M. Maier 
o f  L i g h t n i n g  L o c a t i o n  a n d  P r o t e c t i o n ,  t h e  r a d a r  d a t a  were s u p p l i e d  b y  
D. Rus t  of NSSL-NOAA, and the  s a t e l l i t e  da ta  have  been  provided  by  F. Mosher 
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and D. Wyl ie  of SSEC-University of W i s c o n s i n .  S i g n i f i c a n t  r e s u l t s  of our  
A p r i l  10, 1979 s tudy  reveal tha t  t h e  g r o u n d  s t r i k e  l o c a t i o n s  are l o c a t e d  
i n  a small f r a c t i o n  of t h e  t o t a l  c l o u d  c o v e r ,  are u s u a l l y  a s s o c i a t e d  w i t h  
t h e  c o l d e s t  c l o u d s ,  o c c u r  i n  the leading  edge  of  the  s torm,  and  seem t o  
be   p redominant ly   assoc ia ted   wi th   the  30-40 dBz r e f l e c t i v i t y  r e g i o n .  Our 
r e s e a r c h  i s  con t inu ing  on o t h e r  case s t u d i e s .  
B. CURRENT FOCUS OF RESEARCEI WORK 
Extend above accomplishments. 
C. PLANS FOR FY-82 
Measurements from above clouds correlated with ground measurements.  
D. RECO;.IPENDATIONS FOR NEW RESEARCH 
Expand measurements of l ightning from U-2 a i r c r a f t  and  the  Shut t le .  
E. LIST OF PUBLICATIONS  PREPARED  SINCE JUNE 1980 
1. 
2. 
3. 
4 .  
O r v i l l e ,  R. E. , "Globa l  d i s t r ibu t ion  o f  midn igh t  l i gh tn ing - -  
September to November 1977", Monthly Weather Review, =, 
No. 2 ,  February 1981, 391-395. 
O r v i l l e ,  R. E . ,  "Lightn ing  de tec t ion  f rom space" ,  CRC P res s .  
C h a p t e r  i n  Handbook of Atmospherics ,  edi ted by H. Volland. 
Idone,  V . ,  and R. E. Orvi l le ,  "Lightn ing  Return  S t roke  Veloc i ty  
Measurements i n  TRIP", s u b m i t t e d  t o  J. Geophys. Res. 
Vonnegut, B. , "The physics of thunderclouds",  CRC P res s .  
C h a p t e r  i n  Handbook of Atmospher ics ,  ed i ted  by H. Volland. 
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R . F .  LIGHTNING STUDIES AT MSFC 
WAYNE WAGNON 
The tasks  undertaken a t  MSFC have been designed t o  suppor t  t he  
fo l lowing  objec t ives :  (1) e v a l u a t e  t h e  f e a s i b i l i t y  of using 
higher frequency (GHz range) for  l i g h t n i n g  d e t e c t i o n  from 
geosynchronous o r b i t ,  ( 2 )  validate and expand upon t h e  s p e c t r a l  
ampl i tude  d is t r ibu t ion ,  ( 3 )  assess t h e  effects of man-made and 
natural  background noise  on s ignal  detect ion,  ( 4 )  c h a r a c t e r i z e  
and be t t e r  unde r s t and  the  d i scha rge  p ro f i l e  a t  the  h igher  fre- 
quencies, and (5) evalua te  var ious  R . F .  ground based detection 
techniques in  support  of  a hybrid sensor system. 
A study w a s  conducted t o  assess the  l igh tn ing  and  noise  source  
c h a r a c t e r i s t i c s ,  p r o p a g a t i o n  e f f e c t s  imposed by the atmosphere 
and ionosphere and the electromagnetic environment i n  near 
space within which l ightning R.F.  s i gna tu res  are to  be detected.  
The r e s u l t s  show t h a t  d e t e c t i o n  i s  f e a s i b l e  a t  the  h igher  
f requencies  (1-10 GHz) espec ia l ly  i f  p ro tec ted  bands  a re  used .  
Amplitudes on the  o rde r  o f  5 t o  1 5  dB above t h e  noise l e v e l  
should be possible .   Received  s ignals  a t  these  higher  frequency 
ranges are more d i s c r e t e  ( p u l s e s )  as c o n t r a s t e d  t o  t h e  n e a r l y  
cont inuous radiat ion i n  t h e  lower portion of the spectrum. 
A l s o ,  t h e  hardware and systems needed are more compact and 
manageable i n  terms of implementation. 
There i s  l imited expe r imen ta l  da t a  cu r ren t ly  ava i l ab le  to  de f ine  
and c h a r a c t e r i z e  t h e  s p e c t r a l  a m p l i t u d e  d i s t r i b u t i o n  a t  t h e  
higher   f requencies ,   especial ly   above 1 G H z .  Two e f f o r t s ,  one i n -  
house and one a t  Auburn Universi ty ,  were undertaken t o  ob ta in  
a d d i t i o n a l  d a t a  t o  b e t t e r  d e f i n e  t h e  ampl i tude  d is t r ibu t ions  
as w e l l  as t o  i n v e s t i g a t e  t h e  d a t a  by high resolut ion techniques 
t o  determine t h e  f e a s i b i l i t y  of c h a r a c t e r i z a t i o n  and t o  b e t t e r  
understand  the  discharge phenomena i n  t h e  GHz region.  Detector 
systems were set up a t  s eve ra l  f r equenc ie s :  22 .5  MHz, 2 2 5  MHz,  
2 .0  G H z ,  and  2.5 GHz.  The measurements  performed a t  t h e  Marshall 
Cen te r  have been made a t  a center frequency of 2 G H z  and a band- 
width  of 4 MHz. Both ho r i zon ta l  and  ve r t i ca l  po la r i za t ion  com- 
ponents are recorded. The da ta  i s  sampled a t  a 20 Megabyte per  
second r a t e  and s tored as an e i g h t  b i t  word i n  a 128K word memory. 
This  represents  a record  length  of 6 . 4  milliseconds. A continuous 
analog record having a bandwidth of 4 0  KHz i s  made dur ing  the  
recording  per iod.   Synchronizat ion  pulses   enable   correlat ion  of  
t h e  two records.  Limited d a t a  has been obtained and par t ia l ly  
analyzed. The gather ing of  a l a r g e r  data base and the analysis  
of obtained da ta  cont inues .  Resul t s  ob ta ined  to  da te  are presenteda  
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Diagrams of the existing systems and t h e  planned expansions are 
defined. This  includes a l l  t he  measurements t o  o b t a i n  r e l a t i v e  
loca t ion  and more accurate  range information on recorded events.  
Addit ional  data s torage and computer  capabi l i ty  are being added 
to  fu r the r  ana lyze  and  eva lua te  t he  data. The resu l t ing  sys tem 
w i l l  be in t eg ra t ed  w i t h  an HL interferometer system provided by 
Southwest Research. 
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R.F. And Opt i ca l  Measurements of Lightning Emissions 
Marx Brook 
Research and Development Division 
New Mexico Tech 
Socorro, New Mexico 87801 
An e lec t r ic  field-change meter and an optical  sensor have 
been i n s t a l l e d  on a NASA U-2 a i r c ra f t  fo r  ob ta in ing  thunde r s to rm 
overfl ight  l ightning*measurements.   Additional  measurements 
are made wi th  a Fhirchi ld  l ine-scan camera and three 70 m Vinton 
cameras f o r  b o t h  s p e c t r a l  measurements of lightning and daytime 
and night t ime opt ical  photographs of  c louds and l ightning.  
A mobile van has been outfi t ted for ground-truth measure- 
ments.   Instruments  include an e l e c t r i c  f i e l d - c h a n g e  meter and 
o p t i c a l  s e n s o r  similar t o  t h e  U-2 ins t ruments;  a video camera; 
and s ix  receivers  covering the frequency range from 34.4 MHz 
t o  2200 MHz. A wideband e l ec t r i c  f i e ld -change  meter provides 
coverage  from D. C .  t o  -2 MHz. Data are recorded on a 14 channel 
tape  recorder  recent ly  furn ished  to  us  be  NASA. 
U-2  data were obtained over thunderstorms in Arkansas and 
Texas during the Spring of 1980; fl ights over the western U.S. 
(New Mexico, Arizona, Utah and Wyoming) a re  p re sen t ly  in  p rogres s  
(Spring  and Summer, 1981). Some of  the  Arkansas  data  have  been 
ana lyzed  but  f ina l  p rocess ing  w i l l  be done on t h e  new Sabre 80 
tape recorder  recent ly  acqui red .  
Radia t ion  da ta  acqui red  wi th  our  rece iver  van during the 
p re sen t  summer i s  subs t an t i a l ;  t he  da t a  inc lude  bo th  na tu ra l  and 
t r iggered  l igh tn ing  events  f rom a number of  d i f fe ren t  s torms .  
The data look good  from a cursory inspect ion,  but  no U-2 d a t a  f l i g h t s  
over Langmuir Laboratory with simultaneous ground-truth data 
were  obtained.  Analysis  of  the  data i s  i n  p r o g r e s s .  
P l a n s  f o r  1982 include making cooperative ground-truth 
measurements with the NSSL group a t  Norman during the Spring of 1982, 
i f  a U-2  a i r c r a f t  can be used for  overf l ights  during the tornado 
season. 
A paper  descr ibing some of our instrumentation was presented 
a t  t h e  AIAA Sensor Systems Conference a t  Colorado Springs, 
Colorado, December 2-4,  1980. 
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T i t  l e  : Storm  Severi ty   Detect ion (.Rl?> 
Research Invest igator  Involved:  
D r .  R. L. Johnson 
Elec t romagnet ics  Div is ion  
Southwest  Research I n s t i t u t e  
6220 Culebra Road 
San Antonio, Texas 78284 
(512) 684-5111 Extension 2765 
S i g n i f i c a n t  Accomplishments FY-81 
One o b j e c t i v e  of t h i s  s t u d y  h a s  b e e n  t o  i n v e s t i g a t e  t h e  
use  of e lectr ical  emisg ions  ( s fe r ics )  in  long  term f o r e c a s t i n g  of hu r r i cane  
s to rm t r ack .  S fe r i c  bu r s t s  are d i r e c t i o n a l l y  r e s o l v e d  u s i n g  a computer 
ins t rumented  c rossed  base l ine  phase  in te r fe rometer  opera t ing  a t  2 MHz wi th  a 
2.7 kHz bandwidth.   Software  has  been  developed  to  provide  automatic  data 
acqu i s i t i on  wi thou t  an  ope ra to r  i n  a t t endance .  The sys t em de tec t s  a 
con t inen ta l  o r  ocean ic  s to rm in  p rogres s  when s f e r i c  a c t i v i t y  e x c e e d s  a n  
empir ical ly  predetermined noise  threshold and automatical ly  logs azimuthal ly  
r e so lved  s f e r i c  even t s  t o  d i sc  f i l e s .  S fe r i c  da t a  have  been  ana lyzed  fo r  1979 
hur r i canes  Bob, Elena,  Frederick and Henri .  Also s f e r i c  d a t a  h a v e  b e e n  
analyzed  for   the  1980  hurr icane  Allen.   In   the  case  of  Bob, Elena,   Frederick 
and Allen,  the storms evidenced l i t t l e  o r  no e l e c t r i c a l  a c t i v i t y  w h i l e  o v e r  
water; however, s i x  t o  t w e l v e  h o u r s  p r i o r  t o  l a n d f a l l ,  t h e  s t o r m s  e x h i h i t e d  a 
h i g h  d e g r e e  o f  e l e c t r i c a l  a c t i v i t y  i n  t h e  r i g h t  rear quadrant  and  in  the  
f e e d e r  r a i n  band. i n  the  case  o f  Henr i  which  never came ashore,  no 
s i g n i f i c a n t  enhancement i n  e l e c t r i c a l  a c t i v i t y  w a s  observed. 
Current Focus of Research Work: 
A computer  ins t rumented  c rossed  base l ine  in te r fe rometer  is  
cur ren t ly  be ing  fabr ica ted  for  deployment  a t  Marshal l  Space Fl ight  Center .  
Seven crossed loop sensor elements have been obtained from surplus stock a t  
t h e  U.S. Army ECOM, New Jersey .  The d a t a  a c q u i s f t i o n  e l e c t r o n i c s  c o n s i s t i n g  
of a Data General Nova 3/12, 10 MByte d i s c ,  d i s p l a y  c o n s o l e ,  and dual  channel  
receiver   have  been  obtained  commercial ly .   Interface  e lectronics   to   the 
computer are be ing  f ab r i ca t ed  by  SwRI. 
P l ans  fo r  FY-82: 
Time s y n c h r o n i z e d ,  d i r e c t i o n a l l y  r e s o l v e d  s f e r i c  d a t a  
be tween the  d i rec t ion  f inders  a t  MSFC and SwRI, w i l l  be  analyzed to  provide 
l o c a t i o n  of t h e  e l e c t r i c a l  a c t i v i t y  i n  c o n t i n e n t a l  and oceanic thunderstorms 
as w e l l  as hur r icanes .  The l o c a t i o n  d a t a  w i l l  be  compared wi th  r ada r  and 
sa te l l i t e  informat ion  to  de te rmine  the  re la t ive  proximi ty  of i n t e n s e  
convection and e l e c t r i c a l  a c t i v i t y .  An assessment w i l l  be  made to  provide  a 
shor t - te rm forecas t  of impending severe meteorological intensity.  
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Recommendations . "" f o r  New Research: 
Based  upon t h e  r e s u l t s  o b t a i n e d  t o  d a t e ,  t h e  f o l l o w i n g , a r e  
recommended i n i t i a t i v e s :  
1. Deploy a t h i rd ,  phase  l i nea r  s enso r  to  pe rmi t  tri- 
angulat ion and s torm scale  locat ion b+sed on phase 
l i n e a r  electrical phenomena a s soc ia t ed  wi th  
severe me teo ro log ica l  ac t iv i ty .  
2. Cont inue   the   p resent   e f for t   to   S tudy   oceanic  
e lectr ical  s to rm  da t a .   In   pa r t+cu la r   t he   a r ea  
of hurricane monitoring could, .be extended 
to  cover  the Caribbean so tha- t  the formation 
phase of hu r r i cane  actiy2i'fy can be analyzed. 
L i s t  . - - . of . Pub l i ca t ions  -. . Prepared  s ince  June.1980:  - 
"Sfer ic  Emissions Associated with Hurr icane Act ivi ty  During 1979 and 1980." 
(Manuscript  to  be submit ted to  the Journal  of Geophysical Research) 
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TITLE: LIGHTNING  CHARACTERISTICS AND ITS RELATIONSHIP TO  STORM  STRUCTURE 
RESEARCH INVESTIGATOR: 
W i l l i a m  L. Tay lo r  
National Severe Storms Laboratory, N O M  
1313 H a l l e y  C i r c l e ,  Norman, OK 73069 
(405/360-3620, FTS 736-491 6) 
SIGNIFICANT ACCOMPLISHMENTS FOR FY 81 
The VHF l i g h t n i n g  mapping s i t e s  c o - l o c a t e d  w i t h  NSSL's dual 10 cm Doppler 
radars were c losely coordinated dur ing our Spr ing Program 1981 severe storm 
observations.  Dual  mapping  data  were  col lected on ten  severe  storms  and  prel iminary 
a n a l y s i s  i n d i c a t e s  good data were obtained on s i x  days--two o f  which contained 
tornadoes wi th in  60 km o f  Norman. The VHF mapping i n s t r u m e n t a t i o n  a t  Norman was 
m o d i f i e d  t o  accommodatt s w i t c h i n g  i n t o  a v e r t i c a l  l o o k i n g  mode f o r  o b s e r v i n g  
l igh tn ing  overhead and extending down t o  60" f rom the zeni th.  
Inst rumentat ion for  observ ing the ELF s igna ls  from l i g h t n i n g  t o  examine the  
f e a s i b i l i t y  o f  u t i l i z i n g  t h e s e  s i g n a l s  t o  d e t e c t  c l o u d - t o - g r o u n d  s t r o k e s  i n  a 
h y b r i d  s a t e l l i t e  system was designed and successfully tested. 
L igh tn ing  echoes from 23 cm, L-band radar were simultaneously observed with 
the  VHF space-time  mapping o f  d ischarges  fo r  compar ison  and c o r r e l a t i o n .  Range 
and t ime f luc tua t ions  o f  the  L-band echoes were  cons is ten t  w i th  the  l igh tn ing  
s t ruc tu re  ob ta ined f rom the  VHF mapping data. 
I n t r a c l o u d  l i g h t n i n g  development continues t o  p r e s e n t  a very complex p ic ture 
as  revealed  by  the VHF mapping  technique.  Long  discharge$, some i n  exces o f  
50 km i n  l e n g t h  g e n e r a l l y  p r o g r e s s  a t  speeds  between  5x1 0 and  3x105 mas-' and 
a r e  l o c a t e d  i n  t h e  l o w  r e f l e c t i v i t y  r e g i o n s  a r o u n d  o r  between  storm  centers. It 
i s  apparent  tha t  many o f  these long d ischarges  are  no t  compr ised o f  a s i n g l e  
i n t e r c o n n e c t e d  f l o w  o f  c u r r e n t  made up o f  many channels and branches but are 
composed o f  s e v e r a l  c l o s e l y  r e l a t e d  d i s c h a r g e s .  I n i t i a t i o n  o f  a component 
discharge may be de layed fo r  severa l  hundred mi l l i seconds a f te r  the  preced ing  
discharge ceases to be a c t i v e  i n  t h a t  r e g i o n .  
Ana lys is  was completed and a manuscript prepared on eva lua t i ng  an e l e c t r o -  
magnet ic  technique  for   detect ing  tornadic  storms.  Resul ts show t h a t  82  percent 
(70 o u t  o f  85 tornadoes within 70 km) were detected us ing the burst  ra te observed 
a t  3 MHz. 
CURRENT FOCUS OF RESEARCH WORK 
Data col lected dur ing the Spr ing Program 1981 have  been  checked f o r  q u a l i t y  
and  archived. Some p re l im ina ry  se lec t i on  and ana lys is  have  been completed i n  
p repara t ion  fo r  fu tu re  work  w i th  these da ta .  We a re  p resen t l y  engaged p r i m a r i l y  
i n  t h e  a n a l y s i s  o f  d a t a  o b t a i n e d  on 19 June 1980 from four  s to rms w i th in  60  km 
of Norman. 
PLANS FOR FY 82 
We wil cont inue to  analyze data s imul taneously  obta ined f rom our  many 
severe  storm  sensors. We p lan  to  cont inue deve lop ing  new techniques,  improving 
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1 our present array.of   sensors ,  expanding  our  data  base, and addressing the funda- 
mental questions concerning the role l ightning plays i n  severe and nonsevere 
storms. Through o u r  e f f o r t s  a t  NSSL i n  the areas of l i g h t n i n g  location mapping, 
the characterization of l i g h t n i n g  parameters, and the determination of relation- 
ships i n  the co-evolving f i e lds  o f  winds, precipi ta t ion and l i g h t n i n g ,  we will  
help NASA develop techniques that  wil l  ass is t  i n  forecasting, detecting, tracking 
and warning of weather hazards through the use of l i g h t n i n g  observations. 
RECOMMENDATIONS FOR NEW RESEARCH 
Although we developed and tested new ELF instrumentation to detect cloud- 
to-ground strokes, determine polar i ty  and estimate current flow, we d i d  not have 
the wherewithal t o  b r i n g  the ELF technique into operation d u r i n g  our observational 
season. We propose t o  c a r r y  o u t  the previously recommended ELF f e a s i b i l i t y  study. 
We also propose to  redesign the l o g i c  c i r c u i t r y  of the VHF mapping equipment 
So t h a t  we a r e  no longer limited to  se lec tab le  60" azimuthal sectors b u t  can 
record data simultaneously from a l l  d i r ec t ions  and a t  impulse r a t e s  t o  64,000 
per second. 
LIST OF PUBLICATIONS PREPARED SINCE June 1980 
"Tornadic Storm Detection Using an Electromagnetic Technique a t  Three Megahertz", 
William L .  Taylor. J .  A p p l .  Meteor., submi t ted  for publication 1981. 
Also see l i s t  of publications coauthored by Research Investigator presented 
under research  ac t iv i ty  t i t l e  "Severe Storm Elec t r ic i ty" .  
In  addi t ion  to  the above refereed papers a number of reports,  preprints,  and 
p r e s e n t a t i o n s  a t  s c i e n t i f i c  meetings have been authored or coauthored. 
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NASA/MSFC FY-81 Atmospheric  Processes  Research  Review 
prepared  by 
Roy T. Arnold,  University of Mississippi 
Title:  Severe  Storm  Electricity  via  Storm  Intercept 
Research Investigators: Dr. Roy T. Arnold 
Department of Physics  and  Astronomy 
University of Mississippi 
University, Mississippi 38677 
(601) 232-5805 
Dr. W. David  Rust 
National  Severe  Storms  Laboratory 
1313  Halley  Circle 
Norman, Oklahoma 73069 
(405) 360-3620 (FTS 736-4916) 
Significant  Accomplishments FY-81: 
During  the  spring of  1981  we  successfully  operated  the  mo- 
bile  laboratory  near  sixteen  severe  storms: on six  occasions 
within 1 Km of a  tornado.  Slow  and  fast  electric  field  changes, 
electric  fields, 3 MHz spherics,  lightning,  optical  transients, 
carona  currents, TV records of lightning  and  cloud  features, 
and  both  35mm  photographs  and 1 6 m  movies  were  acquired  for  se- 
vere  storms  within  range of both  dual  and  single  Doppler  (NSSL) 
radar.  Except  for  a  few  isolated  lightning  flashes,  it  is  too 
early for this  data  to  have  been  analyzed. 
In the  spring of 1980, we successfully  tracked  eighteen 
severe  storms  five of which  produced  small  tornadoes.  During 
FY-81 we have  analyzed  some of the  data on positive CG lightning 
and  have  completed  a  partial  case  history of a storm  that  was 
tracked  for  approximately  three  hours on 19  June  1980.  Inter- 
cepted  about  20  miles NW of Miami, TX around  1745 CST, this 
storm  exhibited  visually  a  banded  inflow  cloud  flowing  into  the 
main  tower  from  the  east,  massive  towers on its flank, and  stria- 
tions on the  sides  and  base  of  the  main  tower.  A  wall  cloud  was 
evident  at  1755 CST and  the  mobile  laboratory  tracked  with  the 
wall  cloud  for  an  hour  and  twenty-five  minutes.  By  1830 CST,
the  wall  cloud  was  rotating  rapidly  and  the  inflow  winds  were 
gusting  to 40 knots.  Wall  cloud  rotation  decreased  at  1835 CST 
but reintensified  around  1900 CST. After  about  1925 CST good 
visual  contact  with  the  storm's  inflow  region  was  lost. CG 
lightning  activity  appeared to  diminish  until  the  storm's  demise. 
The  interesting  point  to  note  is  that  in  the CG flash  rate 
there  are  two  peaks  that can be  definitively correlated  with  the 
visual  cloud  features. In the  two  instances just  prior to  the 
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intensification of wall  cloud  rotation,  there  was  a  marked  in- 
crease  in  CG  flash  rate. In particular  there  were  many  ahart 
duration  single  stroke  flashes  which we have  observed  before to 
precede  the  wall  cloud  demise. 
Unfortunately,  there  was no Doppler  radar  information  avail- 
able  before 1850 CST and  then  it  was  single  Doppler  at  very  long 
range. Peaks in the  flash  rate  data  do  show  some  correlation 
with  peaks  in  the  estimated  cyclonic  shear.  However,  the  flash 
rate  record is observationally  biased  because of obstructions 
in our field of view. 
Current  Focus of Research  Work: 
Our  principal  concern  is  to  analyze  the  data we have  ac- 
quired  over  four  operational  seasons.  Specifically, we are 
trying  to  correlate  lightning  data  with  storm  dynamics.  We are, 
however,  looking  closely at the  flash  characteristics of both 
the  short  duration  single  stroke  flashes  and  flashes  that  appear 
to  transfer  positive  charge  to  ground. 
Plans  for FY-82: 
Since we have  been  informed  that  NASA  will no longer  support 
field  operation  for  the  mobile  lab we have  no  field  operational 
plans for the  spring of 1982. 
Recommendations  for  New  Research: 
Although  our  principal  immediate  objective  is to  analyze 
data we have  already  acquired,  there is still  much to  be  done 
in  the  field.  Measurements  from  the  mobile  lab  are  an  asset  to 
the  understanding of severe  storm  electricity.  Storm  intercept 
has  established  the  capability  of  producing  good  scientific re- 
sults  both  qualitative  and  quantitative.  We  recommend  extending 
the  mobile  laboratory  work  to  include  not  only  the  current  measure 
ments  but  also  some  free  balloon  flights  and  some  hail  collection. 
List  of  Publications  Prepared  since  June 1980:  
Other  than an AGU  Conference  paper on the  storm  discussed 
above,  there  has  been no publication of intercept  accomplishments 
alone.  However  our  observations  have  been a important  part of 
the  following  papers: 
1. 
2.  
W. David  Rust,  William T. Taylor,  Donald R. 
MacGorman,  and  Roy T. Arnold, 1981: Research 
on Electrical  Properties  of  Severe  Thunder- 
storms on the  Great  Plains, (to appear  in  the 
September  issue of Bull. of AMs). 
W. David  Rust,  Donald  R.  MacGorman,  and  Roy 
T. Arnold, 1981: Positive  Cloud to Ground 
Lightning  Flashes  in  Severe  Storms, (to ap- 
pear in the  July  issue of GK). 
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TITLE:  SEVERE STORM ELECTRICITY 
RESEARCH  INVESTIGATORS: 
Dr. W .  David Rust, NOAA/NSSL, Mr. William L. Taylor, NOAA/NSSL, 
Norman, O K  73069, (405) 360-3620, Norman, OK 73069, (405) 360-3620, 
FTS 736-4916. FTS 736-491 6. 
Dr. Roy T. Arnold, UNIVERSITY OF MISS., Dr. William W. Vaughan, NASA/MSFC, 
University, MS 38677,  (601)232-7046. Huntsville, AL 35812,  (205)453-3100. 
Dr. Bernard Vonnegut, SUNYA, 
A1 bany, N Y  12203 ( 51 8) 457-4607. 
SIGNIFICANT  ACCOMPLISHMENTS FY 81 
A. Data Acquisition 
The 1981 Spring Program a t  NSSL again placed storm electricity as a top pr ior i ty  
t o  support this NASA-sponsored research. NASA U2 overflight support included 
a l l  mobile and f ixed-s i te  e lec t r ica l  and optical sensors, dual Doppler radar, 
and an a i r  t r a f f i c  c o n t r o l l e r  s t a t i o n e d  a t  NSSL. 
A 4-station network was installed to locate (cloud-to-ground) CG strike points 
within about 300 km of NSSL and provide ground truth fo r  NASA overf l ights .  
Two s i t e s  were operated (after modification by the manufacturer, L i g h t n i n g  
Location and Protection, Inc.) as prototypes for location of +CG s t r i k e  po in t s .  
Our mobile laboratory recorded electrical  activity i n  severe storms and near 
several tornadoes (see R. Arnold report   for   detai  1 s ) . 
Radar observations of lightning included: lightning i n  the mesocyclone region 
of tornadic storms was observed w i t h  our  23-cm wavelength radar for a substan- 
t i a l  por t ion  of  mesocyclone l i fe t ime;  regions of l igh tn ing  ac t iv i ty  were located 
and guidance information was provided t o  the NASA F106 a i r c r a f t  which penetrated 
storms t o  measure l ightning strikes t o  the a i r c r a f t .  
Dur ing  a squal l  l ine of severe and tornadic storms, many +CG f lashes  were 
documented t o  emanate from the back side ( r e l a t i v e  t o  l i n e  movement) of 
the l ine.  
Electrical sensor systems a t  the Storm Electricity Building (SEB) were operated 
as  i n  FY 80 w i t h  the addition of a second, high gain, f a s t  antenna to record 
leader waveforms of CG f lashes.  
B. Data Analysis (since June 1980; d e t a i l s  i n  l i s ted publ icat ions)  
1 .  +CG f lashes  
The occurrence of  +CG f lashes  were ver i f ied t o  emanate from several regions 
of severe and tornadic storms: h i g h  on the back o f  the main storm  tower, 
through the wall cloud, and from the downshear anvi l .  
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Acoustic mapping of two +CG f lashes  shows thunder sources from +CG f lashes  as 
high as 15 km. 
A t y p i c a l  f i e l d  change from a slow antenna f o r  +CG f lashes  shows a slow change 
p r i o r  t o  t h e  a b r u p t  r e t u r n  s t r o k e  t h a t  i s  f o l l o w e d  by a larger ,  s low change 
i n d i c a t i v e  o f  c o n t i n u i n g  c u r r e n t .  
2. R a d a r  s t u d i e s  o f  l i g h t n i n g  
The r i s e  t i m e s  o f  a l i g h t n i n g  echo s igna l  can  be expla ined by propagat ion of  
the channel  through the beam. 
A technique has been developed t o  a u t o m a t i c a l l y  e x t r a c t  l i g h t n i n g  echoes from 
p r e c i p i t a t i o n  and ground c l u t t e r  echoes. 
L ightn ing densi ty  ( f lashes/min/km of  range)  has  been determined f o r  s e v e r a l  
s t o r m  c e l l s  and shows t h a t  t h a t  ' c o r e '  o f  l i g h t n i n g  a c t i v i t y  moves r e l a t i v e  
t o  t h e  p r e c i p i t a t i o n  c o r e  d u r i n g  s t o r m  e v o l u t i o n .  The l i g h t n i n g  ' c o r e '  
rema ins  c lose  to  the  l ead ing  edge o f  t h e  p r e c i p i t a t i o n  c o r e .  
The h o r i z o n t a l  e x t e n t  o f  f l a s h e s  i n c r e a s e s  w i t h  d e c r e a s i n g  p r e c i p i t a t i o n  echo 
in tens i ty  (assoc ia ted  w i th  s to rm decay) .  
L ightn ing propagates between ind iv idual  ce l ls  i n  s q u a l l  l i n e s .  
Our Doppler radar (10 cm)  was used i n  a v e r t i c a l l y  p o i n t i n g  mode t o  deterniine 
t h e  t r u e  v e r t i c a l  ( r a d i a l )  w i n d  speed by  us ing  l i gh tn ing  echoes. 
Doppler spectrum widths o f  l i g h t n i n g  a r e  u s u a l l y  l e s s  t h a n  t h o s e  f r o m  p r e c i p i -  
t a t i o n  and a re  <0.5 m/s. 
Comparison o f  l i g h t n i n g  echoes  and VHF impulse source locat ions have  been made 
(see a1 so W. T a y l o r  r e p o r t ) .  
3. E l e c t r i c a l  and Doppler radar features of  an iso la ted ,  super  ce l l  and to rnad ic  
storm, 19  June  1980 
L igh tn ing  ac t i v i t y  ve rsus  s to rm dynamics a r e  i n f e r r e d  from a three-hour per iod 
of a tornadic storm, which was t racked w i th  our  mob i le  labora tory  (see R. Arnold 
r e p o r t   f o r   d e t a i  1 s )  . 
CURRENT FOCUS OF RESEARCH WORK 
We c u r r e n t l y  a r e  c o n c e n t r a t i n g  on t h e  a n a l y s i s  o f  s t o r m  e l e c t r i c i t y  and dual 
Doppler radar measurements made on several severe storms o f  19 June 1980, on the 
reduc t i on  o f  da ta  ob ta ined  du r ing  1981,  and on t h e  p r e p a r a t i o n  o f  a d d i t i o n a l  p u b l i -  
ca t ions .  
PLANS FOR FY 82 
A t  t h i s  t ime ,  we a n t i c i p a t e  c o n t i n u e d  j o i n t  r e s e a r c h  e f f o r t s  between NASA and 
NSSL. Th is  wil i n c l u d e   f i e l d   o p e r a t i o n s   a g a i n   i n   S p r i n g  82. We s t rong ly   u rge  a 
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cont inued, but expanded e f fo r t ,  t o  acqu i re  da ta  by  ove r f l i gh ts  o f  seve re  s to rms .  
Wi thou t  t h i s  we b e l i e v e  t h e  t e s t i n g  o f  p o t e n t i a l  s a t e l l i t e - b o r n e  d e t e c t o r s  i s  
severe ly  1 i m i t e d .  T h i s  i s ,  o f  course, p a r t i c u l a r l y  r e l e v a n t  t o  s e v e r e  s t o r m  
de tec t i on  and observations from space. Analyses o f  da ta  p rev ious l y  co l l ec ted  wil 
continue. 
RECOMMENDATIONS  FOR NEW RESEARCH 
D e t a i l s  o f  o u r  recomnended fu tu re  research  have  been s e t  f o r t h  i n  a proposal 
submi t ted to  NASA i n  February 81. F i s c a l  and admin is t ra t i ve  cons t ra in ts  apparent ly  
necess i ta te  subs tan t i a l  changes i n  t h a t  proposed research, and d e t a i l s  o f  t h o s e  
changes are   p resent ly   unava i lab le .  It seems t o  us,  however, t ha t  seve ra l  o f  t hose  
proposed topics must be addressed f o r  e f f e c t i v e  development and use o f   a ' s a t e l l i t e  
de tec tor  o f  l i g h t n i n g .  They i n c l u d e :  o v e r f l i g h t s  o f  s t o r m s  w i t h  v a r i o u s  l i g h t n i n g  
detectors concurrent with ground-based measurements, p u r s u i t  o f  e l e c t r i c a l  i n d i c a t o r s  
of severe storms, and development and e v a l u a t i o n  o f  f l a s h - t y p e  i d e n t i f i c a t i o n  
techn iques  su i tab le  fo r  use  i n  a s a t e l l i t e  system. 
REFEREED PUBLICATIONS PREPARED SINCE JUNE 1980 
"Research on E l e c t r i c a l  P r o p e r t i e s  o f  Severe Thunderstorms on the Great Plains",  
W. David  Rust,  Will iam  L.  Taylor,  Donald R. MacGorman, and Roy  T. Arno ld .  Bu l l .  
Amer. Meteor. SOC., t o  be  published  Sept. 1981. 
"Posit ive Cloud-to-Ground Flashes i n  Severe  Storms", W .  David Rust, Donald 
R. MacGorman, and Roy T. Arnold. Geophys. Res. L t t r . ,  t o  be publ ished 
J u l y  1981. 
"Pre l  
Rust, 
1981 . 
"DOPP 
iminary Study o f  L i g h t n i n g  L o c a t i o n  Re 
Wiliam L. Taylor, and Don  MacGorman. 
l a t i v e  t o  Storm Structure", W. David 
AIM J., accepted  fo r  pub l i ca t ion ,  
l e r  Radar Echoes of L igh tn ing  and Prec i . p i t a t i o n  a t  Ver t ica l  Inc idence" ,  Dusan 
S. Z r n i c l ,  W .  David  Rust, and Wi l l i am L. Tay lor .  J. Geophys. Res., submi t ted   fo r  
pub l i ca t i on ,  1981. 
In  add i t ion  to  these re fe reed papers ,  we have authored or coauthored with 
o ther  NASA sponsored P I ' S ,  16 a r t i c l es  and /o r  p resen ta t i ons  fo r  sc ien t i f i c  mee t ings .  
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Title: Conceptual  Design  Study  of  Lightning  Optical/Sensor  Systems 
Research   Inves t iga tor (s )   Involved:  William L. Wolfe,  Eustace L. 
Dereniak, Lang  Brod,  and  Michael  Nagler,  Optical  Sciences Center, 
University of  Arizona,  Tucson,  Arizona 85721 (602)  626-3034 
S i g n i f i c a n t  Accomplishments FY-81: During the y e a r  s t a r t i n g  S e p t e m b e r  1 ,  
1980 and ending September 1, 1981 we have been concentrat ing on a  f l ight  
expe r imen t   fo r  a g loba l   l igh tn ing   sensor .  We completed the design  s tudy 
w i t h  some t r a d e o f f s  t h a t  showed the kinds of d e t e c t o r  a r r a y s  t h a t  would 
be most useful. We have  designed  a  telescope  and a da ta  handl ing  sys-  
tem f o r  US and for   g loba l   coverage .  The des igns  were necessarily limited 
by the p a u c i t y  o f  d a t a  a v a i l a b l e  on the amount a n d  s p e c t r a l  d i s t r i b u t i o n  
o f  l i g h t n i n g  f l u x  a s  seen from  above.  Accordingly we designed and b u i l t  
a   dua l   sensor   for  use i n  a U-2 a i r c r a f t .  The  design was i n i t i a t e d  a b o u t  
the f i r s t  o f  the year  and the instrument delivered t o  NASA on J u l y  6. 
Results o f  the f l i g h t s  a r e  r e p o r t e d  elsewhere i n  this vol ume, we under- 
s tand .  
Current Focus o f  Research Work: Continuing work i n  t h i s  vein dea l s  w i t h  
refinement o f  the d e s i g n ,  t e s t i n g  the da ta  p rocess ing  a lgo r i thms ,  b u i l d -  
i n g  and t e s t i n g  the s a t e l l i t e  o p t i c s  and explor ing the f e a s i b i l i t y  o f  
f i l t e rs  f o r  the tasks  envis ioned .  
P l a n s  f o r  FY-82: We p l a n  t o  a n a l y z e  the results o f  the U-2 imaging  and 
s p e c t r o m e t e r  f l i g h t s  t o  o b t a i n  d a t a  o n  the power  and i t s  d i s t r i b u t i o n  
o f  a v a r i e t y  o f  l i g h t n i n g  f l a s h e s .  We will  opt imize the opt ica l   des ign  
f o r  US v i ewing ,  cons ide r  a l t e rna te  de t ec to r  conf igu ra t ions  to  ob ta in  
the foca l   p l ane   a r r ay   necessa ry  from e x i s t i n g  components. We w i l l  inves- 
t i g a t e  the f e a s i b i l i t y  o f  the requ i r ed  f i l ters and the ope ra t ion  of the 
da ta   p rocess ing  a1  gori t h m s .  
Recomnendations f o r  New Research: We recommend the cont inuing  studies 
d i s c u s s e d  a b o v e x - w e l l  a s  the obtaining of  advanced CCD a r r a y s  so they 
can be i n v e s t i g a t e d .  I t  d o e s  n o t  a p p e a r  t h a t  new a r r a y s  need t o  be 
deve loped ;  o the r  pa r t s  o f  NASA seem t o  be do ing  tha t .  
List of  Publ ica t ions  Prepared  since June 1980: 
Wolfe, W .  L . ,  and M. Nagler,   "Conceptual  design  of a spaceborne  l i gh t -  
n ing  sensor , "  Presented a t  meeting SPIE, September 1980. 
Wolfe, W .  L . ,  "A  Global  Lightning  Sensor," Presented VI th  In te rna t iona l  
Conf.  on Atmospheric Elec t r ic i ty ,  Manches te r ,  England ,  July 1980. 
Nagler,  Michael, Design o f  a  Spaceborne  Lightning  Sensor, Ph.D. d i s s e r -  
t a t ion ,  Un ive r s i ty  o f  Ar i zona ,  Tucson ,  1981. 
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TITLE: THEORY OF GLOBAL LIGHTNING AS SEEN FROM A SATELLITE 
RESEARCH INVESTIGATOR: John  T. A. Ely 
GeoPhvsics Proaram AK-50 
U n i v e k i  ty  o f   i a s h i n g t o n  
Seattle, Washington 
SIGNIFICANT ACCOMPLISHMENTS FY 81: 
F ina l i zed  the  da ta  tape fo rmat  spec i f i ca t ions  and completed the methods t o  be 
used i n  screening the tapes. 
CURRENT FOCUS OF RESEARCH WORK: 
Beginning the data processing, using the same s u p e r p o s i t i o n  o f  epochs  procedures 
used on the OVl-10 and OVl-86 s a t e l l i t e  d a t a  t h a t  r e v e a l e d  t h e  t r a n s i e n t  n o r t h -  
south asymmetries i n  t h e  1 Gev cosmic r a y  f l u x  and t h e i r  r e l a t i o n s h i p  t o  t h e  
"opening" o f  t h e  magnetosphere. 
PLANS FOR FY 82: 
Complete the study o f  t h e  c o r r e l a t i o n s  between these asymmetries and the  th ree  
phenomena t h a t  may be s t rong ly  a f fec ted  by  megnetospher ic  t rans ien ts :  g loba l  
l i g h t n i n g  p a t t e r n s ,  h i g h  l a t i t u d e  s t r a t u s  c l o u d  c o v e r  and SCATHA (Spacecraf t  
Charging a t  High A1 t i t u d e s )  . 
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TITLE: WARM CLOUD  EVELOPMENT  STUDIES 
RESEARCH INVESTIGATORS: B.  J. Anderson 
J. M. Car ter  
V.  W. K e l l e r  
ES83 
NASA/MSFC 
H u n t s v i l l e ,  Alabama 35812 
(205) 453-5218 o r  453-0941 
-" SIGNIFICANT ACCOMPLISHMENTS FY 81: 
The theo re t i ca l  s tudy  o f  c loud  d rop le t  g rowth  was comp le ted  du r ing  the  l a t te r  
p a r t  o f  1980 and t h e  r e s u l t s  have  been publ ished as a NASA Technical Memo 
TM-82392. A m o d i f i e d  v e r s i o n  o f , t h a t  r e p o r t  has  been accepted f o r  p u b l i c a t i o n  
in  the  Journa l  o f  Aeroso l  Sc ience.  
The major elements o f  t h e  equipment p a l l e t  f o r  t h e  KC-135 exper imental  study 
o f  c loud  d rop  g rowth  were assembled du r ing  the  summer o f  1980. The system was 
f i r s t  f l o w n  d u r i n g  September  and the  concept  o f  the  method was success fu l l y  
v e r i f i e d .  F o l l o w i n g  t h a t  f l i g h t  an aerosol  generation  system and add i t i ona l  
ins t rumenta t ion  were  added. The system was f l o w n  a g a i n  i n  A p r i l  and May 1981. 
Good data sets  were obta ined dur ing these f l ights .  Data analys is  i s  now i n  
progress. 
CURRENT FOCUS OF RESEARCH WORK: 
T h i s  r e s e a r c h  e f f o r t  i s  p r i m a r i l y  d i r e c t e d  t o w a r d  t h e  a p p l i c a t i o n  o f  l o w  g r a v i t y  
methods t o  t h e  s o l u t i o n  o f  s e l e c t e d  problems in  the  m ic rophys i cs  o f  t he  fo rma t ion  
and e v o l u t i o n  o f  warm, ie . ,  ice- f ree c louds.  Speci f ic  tasks inc lude a t h e o r e t i c a l  
s tudy  o f  the  growth  and e v a p o r a t i o n  o f  i n d i v i d u a l  c l o u d  d r o p l e t s  (now completed) 
and  an e x p e r i m e n t a l  s t u d y  u t i l i z i n g  t h e  KC-135 low grav i ty  env i ronment  to  
de te rm ine  the  "s t i ck ing  coe f f i c i en t " ,  t he  f rac t i on  o f  t he  imp ing ing  wa te r  
mo lecu les  wh ich  s t i ck  to  a d r o p l e t ' s  s u r f a c e .  C u r r e n t l y ,  t h e  m a j o r  e f f o r t  
centers  on t h e  a n a l y s i s  o f  d a t a  f r o m  t h e  A p r i l  and May KC-135 f l i g h t s .  T h i s  
work inc ludes both numer ica l  analys is  and l a b o r a t m y  t e s t i n g  o f  t h e  hardware 
performance. 
I n  a d d i t i o n ,  an e f f o r t  t o  d e v i s e  methods to  i nves t i ga te  the  impac t  o f  pho re t i c  
forces on the scavenging o f  l a r g e  a e r o s o l  p a r t i c l e s  by cloud drops has  been 
under taken.  Phoret ic  forces are forces which ar ise due to  the temperature and 
composit ion  gradients  around  growing  and  evaporating  drops.  This  scavenging 
mechanism i s  b e l i e v e d  t o  be  one of  the dominant removal  methods for part iculates 
i n  t h e  0.1 t o  1 micron  range. Thus,  knowledge o f  t h i s  scaveng ing   e f f i c iency  
i s  i m p o r t a n t  f o r  p r o j e c t i n g  t h e  l i f e t i m e  and o p t i c a l  c h a r a c t e r i s t i c s  o f  v a r i o u s  
a r t i f i c i a l  p o l l u t i o n  sources,urban "smog" f o r  example, and f o r  a n a l y s i s  o f  the  
e v o l u t i o n  o f  t h e  a e r o s o l  s i z e  d i s t r i b u t i o n  i n  the Shut t le  exhaust  c loud.  
Severa l  exper imen ta l  s t ra teg ies  fo r  t he  i nves t i ga t i on  o f  t h i s  p rob lem a re  under  
ons idera t ion .  
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PLANS FOR FY 82: 
After  completion of the  analysis o f  the  existing  droplet  growth  data,  it  is 
expected  that some minor  improvements  to  the  hardware  and  one  additional  flight 
experiment  will  yield a verification  of  the  cloud  formation  theory  (the 
numerical  model)  and a single  temperature  determination o f  the  sticking 
coefficient. A study  was  successfully  proposed to the  Materials  Processing 
in Space  Program  for a more  sophisticated  experiment  using  the  same  basic 
methods  to  measure  the  variation f the  sticking  coefficient  with  temperature. 
A complementary  experimental  study  of  the  efficiency  of  the  phoretic  scavenging 
mechanism  will  be  undertaken. 
RECOMMENDATIONS  FOR  FOLLOW-ON  RESEARCH: 
Fruitful  theoretical  research  could  be  undertaken  on  both  the  mechanism  of 
the  phoretic  scavenging  process and on  the  role  it  plays in the  evolution of 
the  Shuttle  exhaust  cloud  which  contains high concentrations  of  particulates 
in the 0.1 to 1 micron  size  range. 
PUBLICATIONS : 
"An Extended  Classical  Solution o f  the  Droplet 
B. Jeffrey  Anderson,  John  Hallett,  and  Maurice 
January 1981. (Condensed  version  to  appear in 
Growth  Problem" by 
Be sley. NASA TM-82392, 
the  Journal o f  Aerosol  Science. ) 
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" TITLE:  COLD  CLOUD STU IES 
,"_ RESEARCH  INVESTIGATORS: V .  W .  Keller 
J. M. Carter 
B. J. Anderson 
ES83 
NASA/MSFC 
Huntsville,  Alabama  35812 
(205). 453-5218 or 453-0941 
"" SIGNIFICANT  ACCOMPLISHMENTS FY 81.: 
An ice  crystal  growth  from  liquid'experiment  which  uti1  izes  Moire  fringe 
optics  to  detect  convection  around  the  growing  crystals  was  successfully 
flown  on  KC-135  low  gravity  flights  during  both  April  and  May, 1981. 
Although  laboratory  studies  with  this  system  readily  reveal  convection in 
growth  from  solution,  even  at  small  supercoolings (~0.5 C) , convection in 
low  gravity  was  less  than  the  detection  threshold  of  the  system.  This 
was  even  true at higher  supercooling (-2.0 C)  where  density  gradients  are 
larger and convection  effects  should  be  more  easily  observed. 
The  static  thermal  diffusion  chamber  which  was  designed  and  constructed  as 
a part of the  Severe  Storms  RTOP  is  now  operational.  The  data  acquisition 
and  control  software  for  the  microprocessor  controlled  system  has  been 
written  and  debugged.  Laboratory  experiments  are  now in progress. 
A second  diffusion  chamber  constructed  by  Desert  Research  Institute  after 
the  design of our  chamber  has  been  incorporated  into a KC-135  experiment 
package and is  scheduled  to  fly  low  gravity  parabolas  during  August 1981 . 
The  plates  on  this  chamber  are  cooled  with  thermoelectric  modules  (TEMs) 
to  eliminate  the  need  for  refrigerated  bath  circulators  aboard  the  KC-135 
aircraft.  Data  acquisition and control  is via a microprocessor  system. 
This  experiment  package  will  be  used  to  investigate  unattached  droplet 
freezing in low  gravity  and  the  likelihood f "ice  multiplication" by 
production of  "splinter"  particles  during  the  freezing  process.  Ice 
crystal  nucleation and growth  from  the  vapor  phase  will  also  be  investigated. 
These  experiments  were  originally  developed  for  the  Shuttle/ACPL  Program. 
They  are  now  being  studied in more  detail  to  establish  the  most  feasible and 
useful  experiments  for  future  Shuttle  flights.  Continuation  of  the  experiments 
in conjunction  with  Dr.  John  Hallett  of  the  University  of  Nevada-Reno and 
Dr.  Clive  Saunders of the  University of  Manchester, U.K. is  through  the  Materials 
Processing in Space  Program. 
Computer  software  has  been  written  and  documented  to  perform  the  necessary 
reduction  and  graphical  presentation of the  laboratory  ice  multiplication 
experiment  data  which  is  recorded  on  magnetic  cassette  tape.  The  software 
was  written  for  the  Space  Sciences  Laboratory's  REEDA  Hewlett  Packard  (HP-1000) 
minicomputer  system  and  is  general  enough  that  it  can  be  used  for  data  reduction 
of compatible  tapes  from  other  experiments. 
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CURRENT FOCUS OF RESEARCH WORK: 
Laboratory studies of ice crystal  growth from the vapor i n  a s ta t ic  d i f fus ion  
chamber a re  now being  emphasized. Study of the ice multiplication process is  
a lso being continued even though d i f f i cu l t i e s  w i t h  the experimental apparatus 
have made progress  slow i n  this area. Other tasks include experimental studies 
u t i l i z ing  the low gravity environment available w i t h  the KC-135 a i r c r a f t  t o  
evaluate ' the effect  of reduced convection on ice crystal  growth r a t e  and habit 
and to  examine the water to  ice  phase t ransi t ion.  
Although these studies primarily involve basic research on ice crystal  
growth, the resu l t s  can be applied to systems as diverse as crystal  growth 
theory, sea ice formation, cryogenics, and cloud glaciation (the water to  ice  
phase t ransi t ion w i t h  associated "ice multiplication" effects which can 
substantially influence the growth of cumuliform clouds through release of 
la tent  heat) .  The mechanics of ice nucleation and multiplication also relate 
to the possibil i ty of inadvertent weather modification by the S h u t t l e  exhaust 
cloud . 
PLANS FOR FY 82: 
Our projected p l a n  of study for  FY-82 w i t h i n  the cold cloud area places special 
emphasis on the  s ta t ic  thermal diffusion chamber experiments w i t h  work  on the 
ice multiplication problem continuing a t  a low level of effort. Specific laboratory 
tasks  include : 
1.  A detailed examination  of ice crystal  growth ra tes  and habit changes 
i n  a controlled temperature, pressure, and supersaturation environment as a 
function of- 
a.  The thermal d i f fus iv i ty  of the ca r r i e r  gas 
b.  The water vapor d i f fus iv i ty  of the ca r r i e r  gas 
c.  Gaseous organic  ontaminants 
d .  An appl ied  e lectr ic   f ie ld  
2 .  An examination of ice crystal  production ra te  as  a function of the 
cloud particle properties,  ( i  .e . ,  surface character is t ics ,  s ize  spectrum, and 
concentration). 
As a follow-up t o  the FY 81 KC-135 experiments, the system optics for the ice 
crystal growth from the l i q u i d  s tudy are  being upgraded as  par t  of another 
program t o  provide greater  sensi t ivi ty .  As part of t ha t  program, which i s  an 
outgrowth of the Severe Storm sponsored work, the more sensit ive system will 
be used to investigate the effect  of reduced convection on the anomalous growth 
of ice crystals i n  dilute ( .5% to 10%) NaCl solution. 
RECOMMENDATIONS FOR FOLLOW-ON RESEARCH: 
Additional research on the role of electrical charge transfer i n  the ice  
multipl'ication process could prove very beneficial to both cloud physics and 
to the study of atmospheric e l ec t r i c i ty .  However, this i s  a d i f f icu l t  a rea  
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o f  investigation and progress  may prove to be slow. 
PUBLICATIONS Y 
NASA CR-161663, Feb. 1981 , "A Statistical Data Analysis and Plotting  Program 
for  Cloud  Microphysics  Experiments" by A .  J. Jordan,  ESPEE, Inc., Huntsville, 
Alabama, 141 pp. 
The  Quarterly Journal of the Royal Meteorological  Society, July 1981 , Vol . 107, 
No. 453, "Microphysical Development o f  A Pulsating  Cumulus  Tower: A Case Study", 
by V. W. Kel ler and R .  I. Sax, pp. 678-697. 
Ready for  submission  to  the Journal o f  Crystal Growth,  "Influence o f  Air 
Velocity on the  Habit o f  Ice Crystal Growth fron the V;.porl', by V W. Keller 
and J. Hallett. 
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CLOUD CONDENSATION NUCLEI WORKSHOP 
A. 
B. 
C. 
D. 
E. 
F. 
P r i n c i p a l   I n v e s t i g a t o r s :  
W. C . Kocmond J.E. J i u s t o  
DR I -ASC ASRC-SUNY 
P.O. Box 60220 1400 Washington Avenue 
Reno, NV 89506 Albany, NY 12222 
( 702 1 972-1 676 (518) 457-4824 
S i g n i f i c a n t  Accomplishments i n  FY-81 
The I n t e r n a t i o n a l  Workshop was organized and conducted  wi th  
D R I  h o s t   t o  39 pa r t i c i pan ts   rep resen t ing  20 i n s t i t u t i o n s .  
Twenty-two  instruments  were  present f o r  29 experiments. 
Resu l t s   a re   t o   be   pub l i shed  i n  abr idged  form i n  aoma.4 
de fi'echucha Ahnoopheniqueo, and i n  complete  form i n  a 
Proceedi  ngs volume. Pub1 i c a t i  on e f f o r t  i s nearing  comple- 
t i o n .  
Current  Focus o f  Research Work 
N o t  a p p l i c a b l e  t o  t h i s  c o m p l e t e d  e f f o r t  
P lans  fo r  FY-82 
Complete f i n a l  p r e p a r a t i o n  o f  P r o c e e d i n g s  volume. 
Recommendations f o r  New Research 
1. Consider  maintaining D R I  Workshop f a c i  1 i t y  as  permanent 
2. Encourage  support  of a s i m i l a r  Workshop w i t h i n   t h e   n e x t  
aeroso l   ca l  i b r a t i  on 1 aboratory .  
3-5 years. 
L is t  o f  Pub l ica t ions  Prepared S ince  June  1980 
1. A Proceedings  volume  containing  the  complete  data  base 
and wri teups. by a1 1 p a r t i c i p a n t s  i s  b e i n g  p r e p a r e d .  
2. The s ix   fo l low ing   papers   au thored  o r   co-au thored  by  D R I  
personnel  have been accepted f o r  p u b l i c a t i o n  i n  ?om- 
n d  de Rechucha Ahnoopheniqueo. There  are 18 o the r  
papers  resu l t ing  f rom the  Workshop which w i  11  appear a t  
t h e  same t i m e  i n  t h i s  J o u r n a l  , under   the   au thorsh ip   o f  
p a r t i c i p a n t s  f r o m  o t h e r  i n s t i t u t i o n s .  
a. F i t zge ra ld ,  J.W., and C.F. Rogers,  1981:  Review o f  
isothermal  haze chamber performance. 
b. Hudson, J.G., and D. J,. Alofs ,  1981: performance o f  
the  cont inuous  f low d i f fus ion  chambers. 
c .  Hudson, J.G.,  C.F. Rogers, and G. Keyser, 1981: 
Three CCN counters and  an isothermal  haze chamber 
ope ra ted  a t  t he  1980 I n t e r n a t i o n a l  CCN Workshop. 
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d. Katz, U., and J.Y. Dea, 1981: Aerosol generation 
and d i s t r i b u t i o n  system f o r  the T h i r d  Internat ional  
CCN Workshop. 
e. Dea, J.Y., and U. Katz, 1981: Steady  generation of 
aerosol w i t h  an improved constant output atomizer. 
f .  Rogers, C.F., and R.L.  McKenzie, 1981:  Comparisons 
o f  two A i t k e n  counters w i t h  cloud  condensation nuc- 
lei  c o u n t e r s  a t  the 1980 Internat ional  CCN Workshop. 
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ACPL CLOUD-FORMING  EXPERIMENT 
A. Principal  Investigators: 
W .  C . Kocmond P.  Squires 
P . O .  Box 60220 P.O. Box 3000 
Reno, N V  89506 Boulder, CO 80307 
(702)  972-1676 (303) 497-0142 
DRI -ASC NCAR 
B. Significant Accomplishments i n  FY-81 
1 .  Completi on of Scott-Robi nson f i  rst-pri ncipl es ki neti c 
theory of cloud droplet growth by condensation. 
2. Completion of  31 experiments  in  ground-based  cloud- 
forming  experiment,  uti  lizing DRI expansion chamber  and 
instantaneous cloud  condensation  uclei ( C C N )  spectrom- 
e te r  ( resu l t s  cur ren t ly  being analyzed). 
3. In i t ia t ion  of a study o f  the   re la t ive  roles  of CCN and 
mixing i n  shaping of cloud droplet size spectra. 
C. Current Focus of Research Work 
1 .  Complete the  analysis of resu l t s  of ground-based  cloud- 
forming experiment. General indications are t h a t  ex- 
perimental method i s  successful. 
2. Complete study of re la t ive  roles  of CCN,  mixing, in 
cloud droplet spectra. 
3 .  Complete the  design o f  a new airborne CCN spectrometer 
and begin construction. 
D .  Plans  for FY-82 
In  view  of program funding res t r ic t ions  and cancellation of 
the ACPL f l i g h t   f a c i l i t y ,  i t  i s   d i f f i c u l t  t o  provide a 
concise  r sponse t o  t h i s  item. The Investigators w i  11 
evaluate the likelihood o f  continued  support  for  the Cloud- 
Forming Experiment as i t  proceeds toward the next step,  
performance in either low-g or  the ear th 's  atmosphere. 
E .  Recommendations for New Research 
1.  Perform Cloud-Forming Experiment in low-g and/or a moun- 
2. Continue tropospheric  investigations of CCN and the i r  
t a i n  wave cloud i n  the  ear th 's  atmosphere. 
importance t u  cloud and precipitation development. 
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F. L i s t  o f  P u b l i c a t i o n s  Prepared  Since June 1980 
1. Hudson, J.G., G .  Keyser, and C.F. Rogers, 1980: Two 
new CCN spectrometers.  P oceedings,  International 
Cloud  Physics Conference, Ju l y  15-19, 1980. Clermont- 
Ferrand,  France. 
2. Robinson, N.F., and W.T. Scott, 1981: Two-stream Max- 
we1 l i a n  k i n e t i c  t h e o r y  o f  cloud droplet growth by con- 
densation. 2. A h o o .  Sci., 38, 1015-1026. 
3.  Robinson, N.F., 1981: Numerical  simulat ion  f  non- 
s teady-state droplet  growth ( In  preparat ion) .  
4. Results o f  t h e  ground-based  cloud-forming  experiment 
wil be prepared for publ icat ion.  
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COMPLEX AEROSOL NUCLEATION  EXPERIMENT 
A. Principal  Investigators: 
W.C. Kocmond C .  F. Rogers 
P.O. Box 60220 P.O. Box 60220 
Reno, N V  89506 Reno, N V  89506 
DR I -ASC DR I -ASC 
( 702 1 972-1  676 (702) 972-1676 
B. Significant Accomplishments i n  FY-81 
1 .  Completed study of published  accounts of surface poro- 
2 .  Completed experimental  study of water vapor nucleation 
s i ty  as  a cause of slow adsorption of water vapor. 
of coal  combustion f l y  ash aerosol. 
C .  Current Focus of Research Work 
Continue to   invest igate  slow or  delayed  nucleation phenom- 
ena reported for  aerosols such as waxes, s i  1 ver iodide, and 
coal combusti on f l y  ash. 
D. Plans for FY-82 
Continue studies of nucleation on materials of limited 
wettabi 1 i t y .  Consider  seeking  support for delayed  nuclea- 
t i o n  studies i n  low-g. 
E .  Recommendations for  New Research 
1 .  Compare cloud chamber nucleation method to older adsorp- 
2 .  Eva1 uate  real  atmospheric  nuclei i n  terms of adsorption 
t i o n  measurements methods. 
and nucleation rates. 
F. List of Publications  Prepared  Since June 1980 
Rogers, C.F., J.G. Hudson,  and W.C. Kocmond, 1981 : Measure- 
ments w i t h  an instantaneous CCN spectrometer. Accepted for  
presentation a t  the Symposium  on Nucleation  (Tenth  Inter- 
national  Nucleation  Conference) a t  the IAMAP General 
Assembly, 17-28 August,  1981, Hamburg, Germany. (Paper 
summarizes coal f l y  ash r e su l t s ) .  
"- TITLE: A 6OMPARATIV.E  STUDY  OF  THE  TRACKING PRECISION OF THE RAWINSONDE 
SYSTEM USED IN MESOSCALE AND' GROUND TRUTH EXPERIMENTS- 
RESEARCH INVESTIGATOR: James E. Arnold 
ES84 
Atmospheric Sciences Division 
Space Sciences Laboratory 
Marshal l  Space F l igh t  Center ,  AL 35812 
Telephone:  453-2570 
""""_ SIGNIFICANT ACCOMPLISHMENTS  FY81 : 
During FY 81, a s e r i e s  o f  t e s t s  w i t h  up t o  12 GMD-1 u n i t s  were  used t o  t r a c k  
a s ingle radiosonde. The purpose o f  t h i s  t e s t  was to  eva lua te  the  p rec i s ion  
o f  t h e  t r a c k i n g  system.  Results o f  t h e  p r e l i m i n a r y  t r a c k i n g  t e s t s  have  been 
used t o  develop est imates of  the RMS w i n d  v e l o c i t y  e r r o r s  i n  t h e  u p p e r  l e v e l  
wind data acquired dur ing the AVE and AVE-SESAME t ime per iods.  Among the  
p re l im ina ry  f i nd ings  a re  tha t :  
1 ) T r a c k i n g  p r e c i s i o n  i s  a f u n c t i o n  o f  r a t e  o f  antenna motion. 
RMS t r a c k i n g  p r e c i s i o n  i s  on t h e  o r d e r  o f  a few  ten ths  o f  a degree f o r  
antenna mot ion rates of  a few degrees per minute. A t  very  slow  antenna 
mot ion rates,  the precis ion approaches the 0.05 deg. o f ten quoted as 
system  accuracy.  Rapid  antenna  motion  rates  occur when the  sounding  bal loon 
i s   a t  low heights.  Slow antenna mot ion rates take place at  heights near 
the tropopause. 
2) A p a r a m e t r i c  a n a l y s i s  o f  t h e  w i n d  v e l o c i t y  e r r o r  has been c a r r i e d  
ou t  us ing  the  p re l im ina ry  p rec i s ion  da ta  i n  the  MSFC tes ts .  Th i s  ana lys i s  
i n d i c a t e s  t h a t  t h e  RMS w ind  er ro rs  inc rease w i th  he igh t  and t h a t  a t  a given 
height, decrease a s  the antenna elevat ion angles increase. The magnitude o f  t h e  
RMS vector  wind error  ranges f rom 1 m/s a t  850 mb t o  8 m/s a t  200 mb us ing 
the  antenna  elevat ion  data  f rom  the AVE-SESAME I case. The ana lys i s  shows 
tha t  the  w ind  speed  and d i r e c t i o n  e r r o r s  a r e  a f u n c t i o n  o f  t h e  a z i m u t h  o f  
t h e  b a l l o o n  r e l a t i v e  t o  t h e  t r a c k i n g  antenna and t h e  w i n d  v e l o c i t y  a t  t h e  
w ind   l eve l   i n   ques t i on .  
3) T rack ing  an tenna s ta t i s t i cs  were compiled  as t o  e l e v a t i o n  a n g l e  
and the  change o f  a n g u l a r  p o s i t i o n  o f  t h e  s o u n d i n g  s y s t e m  p e r  u n i t  t i m e  i n  
t h e  f i r s t  t h r e e  AVE-SESAME cases. Means and d i s t r i b u t i o n  c h a r a c t e r i s t i c s  have 
been tabu la ted  as a func t i on  o f  p ressu re  l eve l  f o r  bo th  fu tu re  pa ramet r i c  
a n a l y s i s  o f  t h e  e r r o r  d i s t r i b u t i o n s  and s p e c i f i c  e r r o r  s t u d i e s  i n  t h e  AVE- 
SESAME data.  
CURRENT FOCUS OF RESEARCH: 
Current  research ef for ts  are centered about  the expansion of  the data base f rom 
wh ich  the  t rack ing  prec is ion  va lues  were de termined.  Ear l ie r  tes ts  were  taken 
under  re la t i ve ly  s t rong w ind  cond i t ions  w i th  cor respond ing  low e leva t ion  ang les .  
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" " . . , . . _...  .. " .. .. . "" - - . . .._ . " "" 
A series of late  sumner-early  fall  tracking  tests will make  use of the 
normally  low  tropospheric  wind  speeds  to  determine  the  tracking  precision 
when  the  antenna  elevation  angles  are high at  the  time  the  balloon  is in the 
upper  troposphere. 
PLANS FOR  FY 82: 
The  next  phase of  this  study will be  to  combine  tracking  precision  data  from 
a  range  of  environmental  conditions  leading  to  different  balloon  elevation  angles 
and antenna  elevation  change  rates.  This  data  will  be  used  to  develop a 
comprehensive  error  analysis for the  RAWINSONDE  data  as  used in the  AVE-SESAME 
cases.  Tests  will  also  be  made  to  evaluate  the  inter  set  variability of
therrnodynamic.parameters using  one  sensorltransmitter  system with several 
GMD  systems. 
RECOMMENDATIONS  FOR NEW RESEARCH: 
After  the  tracking  precision  and  precision i thermodynamic  variables  have  been 
determined,  tescs  for.  small  scale  spatial  variability  should  be  undertaken. 
This  study  should  be  designed  to  determine  the  upper  level  spatial  variability 
over  distances  from a  few hundred  meters  to a  few  kilometers .
PUBL  ICAT  IONS :
Upper  Level Wind Errors  Inherent in the  AVE-SESAME I Data, Abstracts o f  
Proceedings  at  the  SESAME  Preliminary  Results  Workshop,  Huntsville,  Alabama, 
March 24-25, 1979. 
A comparative  error  analysis o f  upper  level  winds  measured by the  Jirnsphe.re/ 
FPS-16,  the  Meteorological  Sounding  System  (MSS) and the  Windsonde/GMD-4 
Sounding  System,  minutes  of  the  RCC/MG,  August 1981. 
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TITLE : SATELLITE-INFRARED,  RAWINSONDE AND GRAVITY WAVE STUDY 
OF  SEVERE CONVECTIVE STORMS 
Research  Inves t iga tors :  
R. J. 
R. E. 
G. S. 
Hung, The Univers i ty  of  Alabama i n  H u n t s v i l l e  
Hun t sv i l l e ,  Alabama 35899 
Telephone:  (205)895-6077 
Smith, Space Science Laboratory 
Telephone:  (205)453-3101 
West, Space Science Laboratory 
Telephone:  (205)453-1557 
NASA/Marshall Space  F l ight  Center ,  Alabama 35812 
NASA/Marshall Space  F l ight  Center ,  Alabama 35812 
Significant Accomplishments FY-81: 
Severa l  cases of GOES d ig i t a l  i n f r a red  da ta  and  Dopp le r  sounder  
a r ray  da ta  dur ing  the  three-hour  t ime per iod  immedia te ly  preceding  the  
touchdown  of t he  to rnado  were analyzed.  Tornado-associated  clouds are  
compared with non-tornado-associated clouds using s a t e l l i t e  i n f r a r e d  
d a t a ,  r a y  t r a c i n g  o f  g r a v i t y  waves de t ec t ed  by the Doppler  sounder  array,  
and  rawinsonde  data.  The s a t e l l i t e  o b s e r v a t i o n s  are  a t  15  minu te  in t e r -  
v a l s .  S a t e l l i t e  p i c t u r e  i n t e r v a l s  l o n g e r  t h a n  15 minutes  a re  of l i m i t e d  
u s e  f o r  severe s torm ana lys is  because  informat ion  on  the  co l lapse  of t h e  
p e n e t r a t i v e  c l o u d  t o p  i n  t h e  1 5  t o  30 minutes  before  the tornado touch-  
down may be missing.  
Our s tudy  shows the fol lowing:  
(1)  Tornado-associated  clouds a re  always  accompanied by overshoot ing 
turrets  penet ra t ing  above  the  t ropopause .  
(2) The d i f f e r e n c e  between the  overshoot ing  c loud  top  temperature  
and the t ropopause temperature ,  a measure of how much the  c loud  has  pene- 
t r a t e d  a b o v e  t h e  t r o p o p a u s e ,  r a t h e r  t h a n  e i t h e r  t h e  a b s o l u t e  t e m p e r a t u r e  
o f  t h e  p e n e t r a t i v e  c l o u d  o r  t h e  h e i g h t  o f  t h e  t o p  o f  o v e r s h o o t i n g  t u r r e t  
is  s ign i f i can t  fo r  t he  poss ib l e  fo rma t ion  o f  s eve re  s to rms .  
(3) The  growth ra te  of t he  ove r shoo t ing  tu r r e t  above  the  t ropopause  
fo r  s eve re  s to rm-assoc ia t ed  c louds  i s  much g r e a t e r  t h a n  t h a t  of non-severe 
s torm-associated clouds.  
( 4 )  The s i z e  o f  t h e  area o f  ove r shoo t ing  tu r r e t  above  the  t ropopause  
f o r  t h e  c l o u d  a s s o c i a t e d  w i t h  a severe  s torm i s  o n  t h e  o r d e r  of s e v e r a l  
hundred  pixels  observed  from  geosynchronous sa te l l i t e .  In  o ther  words ,  
a h igh  c loud  wi th  a small s i z e  o v e r s h o o t i n g  t u r r e t  ( l e s s  t h a n  I 5 0  p i x e l s )  
above  the  t ropopause  appea r s  t o  be  ha rd  to  conve r t  i n to  a tornadic  c loud .  
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(5) T h e  h i g h  d e n s i t y  p e n e t r a t i v e  o v e r s h o o t i n g  t u r r e t  ( t e m p e r a t u r e  
o f  t he  ove r shoo t ing  tu r r e t  is much co lde r  t han  the  su r round ing  a i r  temp- 
e ra tu re )  above  the  t ropopause  beg ins  to  co l l apse  abou t  15  to  30 minutes  
before  the  tornado touchdown. 
(6)  The l i f e  of a tornado-assoc ia ted   c loud ,   f rom  the  moment t h e  
o v e r s h o o t i n g  t u r r e t  p e n e t r a t e s  t b o v e  t h e  t r o p o p a u s e  t o  t h e  touchdown  of 
the  tornado,  is no more than  3 'hours .  
( 7 )  Gravity waves are always observed when t h e r e  are seve re  con- 
vec t ive   s to rms .  Ray t r a c i n g  r e s u l t s  show t h a t  t h e  s o u r c e  o f  t h e s e  
g r a v i t y  waves is loca ted  a t  the  c loud  wi th  in t ens ive  convec t ion  a t  t h e  
time the  ove r shoo t ing  tu r r e t  o f  t he  c loud  i s  penet ra t ing  above  the  t ropo-  
puase. 
By combining  the  resu l t s  ob ta ined  f rom c loud  top  tempera ture  
changes  f rom sa te l l i t e  in f ra red  imagery ,  the  a l t i tude- tempera ture  re- 
l a t i o n s h i p  f rom rawinsonde  da ta ,  and  the  Doppler . sounder  grav i ty  wave 
observat ions,  one can show a series of time s teps  f o r  t h e  e v o l u t i o n  o f  
a tornadic  cloud  from a thundercloud. A cumulonimbus  cloud  with  intense 
convec t ion  c rea t e s  an  ove r shoo t ing  tu r r e t  pene t r a t ing  above  the  t ropopause .  
A group of  gravi ty  wave t r a i n s  are de tec t ed  a t  ionospher ic  he ight  dur ing  
t h i s  time pe r iod .   In   gene ra l ,   t he   c loud   t op   pene t r a t e s   abou t  3 t o  6 Ism 
above  the  t ropopause.   Since  the  overshoot ing  top  temperature  i s  much 
lower than the surrounding a i r ,  t h e  d e n s i t y  o f  t h e  o v e r s h o o t i n g  t u r r e t  
i s  much h ighe r  t han  the  dens i ty  of the  sur rounding  a i r .  T h e r e f o r e ,  t h e  
ove r shoo t ing  tu r r e t  can  on ly  exist as long as i t  i s  dynamically supported 
by i n t e n s i v e  v e r t i c a l  c o n v e c t i o n .  When t h e  i n t e n s e  v e r t i c a l  c o n v e c t i o n  
can no longer  suppor t  the  mass of t h e  o v e r s h o o t i n g  t u r r e t ,  i t  c o l l a p s e s .  
Th i s  occur s  abou t  15  to  30 minutes  before  the  touchdown  of the  tornado.  
The co l l aps ing  o f  t he  ove r shoo t ing  tu r r e t  creates the  funnel  c loud  under  
the  c loud  base  and  the  tornado f ina l ly  touches  down. 
T h e s e  r e s u l t s  are  based  on a number of case s t u d i e s .  N e e d l e s s  t o  
s a y ,  f u r t h e r  s t u d i e s  a re  r equ i r ed  wi th  add i t iona l  da t a  sets before more 
def in i te  conclus ions  can  be  reached .  
Current Focus of Research Work: 
GOES d i g i t a l  i n f r a r e d  d a t a  of severe  s torms  in  southeas te rn  Arkansas ,  
and on the Arkansas and Tennessee border on A p r i l  11, 1976 are  c u r r e n t l y  
being  analyzed. The purpose of t he  s tudy  i s  t o  f u r t h e r  c o n f i r m  o u r  p re -  
l i m i n a r y  r e s u l t s  o f  how a convect ive cloud becomes a tornado. 
Our cu r ren t  focus  i s  t o  a n a l y z e  t h e  a v a i l a b l e  r a p i d  s c a n  d i g i t a l  
in f ra red  da ta  for  severe  s torms  in  which  the  computa t ion  of t h e  g r a v i t y  
wave ray  tracings  have  already  been  accomplished.  These  dates  include 
August  5,  1975;  January 13 ,  1976;  January 25,  1976,   and  others .  We have 
reques ted  the  GOES d i g i t a l  d a t a  f o r  t h e  a b o v e  time pe r iods ;  however, t o  
d a t e  w e  have not received the complete set o f  t hese  da t a .  
P l a n s  f o r  FY-82: 
I n v e s t i g a t i o n  of t h e  c h a r a c t e r i s t i c s  o f  t h e  e v o l u t i o n  o f  s e v e r e  
thunderc louds  before  the  format ion  of tornadoes based on AVE-SESAME 
d a t a ,  GOES infrared imagery, radar data,  and gravity waves from Doppler 
sounder records i s  planned. 
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I n  p a r t i c u l a r ,  w e  are go ing  to  ana lyze  and compare cloud top 
tempera ture  d is t r ibu t ions  wi th  t ropopause  tempera tures ,  and  rates of 
change of temperatures of clouds associated with and without tornadoes,  
and a l s o  t h e  g r a v i t y  wave t r i g g e r i n g  mechanism which l e a d s  t o  t h e  f o r -  
mation of tornadoes. 
Recommendations f o r  New Research: 
The a s soc ia t ion  o f  g rav i ty  waves w i t h  t h e  i n i t i a t i o n  o f  t o r n a d i c  
s torms  sugges ts  tha t  a s tudy of  the c r i t i c a l  buoyancy frequency and 
mois ture  conten t  dur ing  the  per iod  immedia te ly  pr ior  to  and  a t  t h e  time 
of e x c i t a t i o n  of g r a v i t y  waves may l e a d  t o  a t echn ique  fo r  t he  ea r ly  
d e t e c t i o n  of severe  convective  storms. AVE-SESAME meteoro logica l  da ta  
w i l l  be  ana lyzed  to  de te rmine  i f  there  is c r i t i c a l  o s c i l l a t i o n  f r e q u e n c y  
and  mois ture  conten t  in  those  s i tua t ions  which  cu lmina te  in  tornadic  
storms.  Also sa te l l i t e  infrared imagery w i l l  be  used  to  ana lyze  the  de- 
velopment of tornadic storms from the penetration and collapsing of 
ove r shoo t ing  tu r r e t s .  
L i s t  of Publ icat ions Prepared Since June 1980:  
(1) Hung, R . J . ,  T. Phan, D.C. Lin,  R.E. Smith, R.R. Jayroe,  and G.S. West, 
Gravi ty  Waves and GOES I R  da ta  s tudy  of an isolated tornadic  s torm on 29 
May 1977, Mont. Weath.  Rev., 108, 456-464, 1980. 
(2) Hung, R . J . ,  and R.E. Smith,  Ionospheric  remote  sensing of medium s c a l e  
g r a v i t y  waves  and tornadic  s torms,  I1 Nuovo Cimento, ( i n  p re s s ) ,  1981 .  
(3 )  Hung, R . J . ,  and R.E. Smith, GOES i n f r a red   s tudy  of tornadic   s torms,  
Proc.  on Remote Sensing  of  Environment,  pp.  1621-1629,  Environmental  Research 
I n s t i t u t e  of  Michigan,  1980. 
( 4 )  Hung, R . J . ,  and R.E. Smith, Remote sensing of tornadic   s torms  based on 
HF r a d i o  wave from ionosphere and I R  imagery from GOES satel l i te ,  Proc. 
North h e r .  Union  of  Radio Sc i . ,  pp.  239,  Univ. Laval,  Quebec,  Canada,  1980. 
( 5 )  Hung, R . J . ,  and R.E. Smith,  Severe  convective  storm  study  based  on 
t h e  a n a l y s i s  of penetrat ive overshoot ing clouds from s a t e l l i t e  i n f r a r e d  
d a t a ,  ”EOS, 62,  293,  1981. 
(6) Hung, R . J . ,  and R.E. Smi th ,   In f r a red   d ig i t a l   da t a   ana lys i s  of s eve re  
storms  from  geosynchronous s a t e l l i t e ,  Proc .  In te rn t .  Symp. Remote Sens. 
of Environt . ,  pp. 5 7 ,  1981. 
(7) Hung, R . J . ,  and R.E. Smith, Remote sensing of convective  storms  from 
geosynchronous s a t e l l i t e  i n f r a r e d  d i g i t a l  d a t a ,  s u b m i t t e d  t o  I n t .  J. Remote 
Sensing,  1981. 
( 8 )  Hung, R . J . ,  and R.E. Smith, Case study of  March 24, 1976,  Louisiana 
tornado by using Doppler sounder, sa te l l i te  i n f r a r e d  imagery and balloon 
observa t ions ,   submi t ted   to  J. Geophys. R e s . ,  1981. 
91 
OUTLINE OF RESEARCH ACTIVITIES 
- Title: Acoustic and Gravity Waves in the Neutral Atmosphere 
and the Ionosphere Generated by  Severe Storms 
Research  Investigator Involved: 
Nambath K. Balachandran 
Lamont-Doherty Geological Observatory 
of  Columbia University 
Palisades, New York 10964 
Phone: 914-359-2900 
Significant Accomplishments FY -81: 
Gravity waves generated  by  intense  thunderstorms have been detected 
by ground-level pressure sensors. These waves apparently triggered new 
thunderstorms  under  proper  temperature  and humidity conditions. 
Infrasonic waves apparently  associated wi th  the  sudden collapse of the 
electrostatic field have been recorded. The confirmation of the source of the 
signal is made with the use of electric field measurements as well as  recordings 
of audible thunder. 
Gravity waves at ionospheric levels  associated with storms have been 
detected by our Doppler-sounder array. The waves seem to be arriving from 
the  upper-air low pressure  center of the storm. 
Current Focus of Research Work 
The current  focus is on recording  and  analyzing  disturbances  at iono- 
spheric levels generated by severe storms. The objective is to learn about the 
relationship of gravity waves at ionospheric  levels to  the  intensity and move- 
ment of severe storms. Particular emphasis will be on the connection of grav- 
ity waves with tornadic storms. Theoretical work on the generation of gravity 
waves by  severe  storms is also an important  objective. 
Further  studies of infrasound  associated with lightning, viz . ,  to  deter- 
mine the relationship of infrasound  to  different  kinds of discharges is also be- 
in g pursued. 
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2. 
Plans  for FY-82: 
In FY-82 the main emphasis will be on the experimental  and  theoretical 
studies of gravity waves in the ionosphere. Faraday rotation measurements of 
radio  beacons from a satellite in order  to  study gravity waves in the ionosphere 
w i l l  be undertaken. 
Recommendations ~ ~ -~ for New Research : 
The  ionospheric gravity wave study in conjunction wi th  Doppler radar 
studies of severe  storms will be  very  useful. 
List of Publications : 
1. Balachandran, N .K., 1980: Gravity waves from thunderstorms, Mon. 
Wea. Rev., 108,  804-816. 
2. Balachandran, N.K., Low-frequency sound  associated wi th  lightning 
discharges; Proceedings-of the VIth International Conference on 
Atmospheric -~ Electricity (In Press) z-L 
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3. Donn, W.L. and N.K. Balachandran, 1981: Mount St. Helens Erup- 
tions of 18 May 1980: A i r  waves and explosive yield; Science, 213, 
539-541. 
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TITLE: ANALYSIS OF SATELLITE. DATA  FOR SENSOR IMPROVEMENT 
T. Theodore F u j i   t a  
The U n i v e r s i t y  o f  C h i c a g o  
Chicago, I l l i n o i s  60637 
(312)  753 - 8112 
S i a n i f i c a n t  AccomDlishments f o r  FY-81 
The m a j o r  s u b j e c t  b e i n g  i n v e s t i g a t e d  u n d e r  t h e  c u r r e n t  g r a n t  i s  t o  
e s t a b l i s h  t h e  r e l a t i o n s h i p  b e t w e e n  (1)  c loud- top   fea tures   and ( 2 )  s to rm 
c h a r a c t e r i s t i c s  on t h e   e a r t h .   I t e m   ( 1 )   i n v o l v e s   i n f r a r e d  mapping  of t h e  
c loud- top  tempera ture  and s te reoscop ic  computa t ions  o f  c loud- top  he igh ts .  
I R  mapping o f  t h e  SESAME-DAY thunderstorms was completed. An a b s t r a c t  o f  a 
paper t o  be presented before the Nowcast i  ng Symposi um a t  Humburg, Germany 
i s  shown a t  t h e  end. 
I t e m  ( 2 )  was i n v e s t i g a t e d  i n t e n s i v e l y  d u r i n g  t h e  1970s,  reaching  the 
c o n c l u s i o n  t h a t  l o c a l  w i n d s t o r m s  a r e  c l a s s i f i e d  i n t o  t o r n a d o e s  a n d  down- 
b u r s t s .   A b s t r a c t s   o f   t w o   p a p e r s   t o  be p u b l i s h e d   i n   M o n t h l y  Weather  Review 
and Journa l  o f  A tmospher ic  Sc iences  are  presented  a t  the  end. 
Cur ren t  Focus o f  Research Work 
Computer  method o f  o b t a i n i n g  s t e r e o s c o p i c  c l o u d  h e i g h t s  f r o m  GOES 
West and East as well  as GOES West  and  Japanese  Geosynchronous S a t e l l i t e  
has  been  worked  out.  Through t h i s  method,  cloud  heights  can  be  computed 
w i t h  0.2 km accuracy. 
It i s  e x p e c t e d  t h a t  t h i s  r e s u l t  c a n  b e  a p p l i e d  t o  t h e  mesurement o f  
c l o u d  h e i g h t s  o v e r  t h e  P a c i f i c  as w e l l  as those  over   the  Midwest .  The 
accuracy over the ocean measurements has been improved f o r  d i r e c t  a p p l i c a t i o n  
to the near-the-edge measurements. 
P l a n s  f o r  FY-82 
The c loud- top  vs t e r r e s t r i a l  s t o r m  r e l a t i o n s h i p s  wil b e  i n v e s t i g a t e d  
f u r t h e r  w i t h  s p e c i f i c  emphasis  on 
a.  E f f e c t s  o f  s t r a t o s p h e r i c  c i r r u s  c l o u d s  on IR temperature  measure- 
ments  and 
b .  S tereo-he igh t  measurements of severe storm clouds over the Midwest 
and  ITCZ  and  typhoon  c louds  over  the  Paci f ic .   This wil be a p a r t  o f  t h e  
NASA-JAPAN cooperative program. 
A b s t r a c t s  o f  Pub1 ished Papers i n  FY-81 
T i t l e s  and a b s t r a c t s   a r e   p r e s e n t e d .   F u l l   p a p e r s   a r e   a v a i l a b l e   f r o m   t h e  
au thor  upon  request. 
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No.1 To be presented at  the Nowcast ing Symposium, August, 1981 a t  Humburg 
Mesoscale Aspects of Convective Storms 
By T. Theodore F u j i  t a  
Abstract 
The term "mesoscale" has been i n  use f o r  the pas t  
30 years,   being  defined rather loosely. Now the 
generalized mesoscale, applicable. t o  terrestrial 
dis turbances,  was defined t o  extend between 4 km 
and 400 km through two orders  of magnitude i n  
horizontal  dimensions. Recent s tudies   revealed 
t h a t  mesoscale disturbances often induce strong 
winds, but their windspeeds a r e  s i g n i f i c a n t l y  
l e s s  t h a n  those accompanied by sub-mesoscale 
storms such as tornado, downburst, and microburst. 
I t  was concluded that very accurate combination 
of radar  and satell i te measurements hold the key 
i n  nwcas t ing  the nature of mesoscale clouds, the 
inducers of severe local  wind and rain storms. 
Keywords: Planetary mesoscale, Mesocyclone, 
Tornado, Downburst, Microburst. Severe storm wake, 
GOES East and West, Flash flood. 
No.2 To be publ ished i n  Ju l y  I ssue  of Monthly  Weather Review 
Five Scales of Airflow  Associated  with  a Series of Downbursts on 16 July 1980 
T. THEODORE FUJITA AND ROGER M. WAKIMOTO 
The University of Chicago. Chicago, IL 60637 
(Manuscript  received 5 September 1980. in final form 17 M m h  1981) 
ABSTRACT 
A series of destructive windstorms on 16 July 1980 in a 50 h (30 mi) wide zone from Chicago to 
Detroit was surveyed both from the air and the ground. In spite of the initial suspicion of I O "  '0 tornadoes 
in the area. the nature of the windstorms was confinned  to be downbunts  and microbursts  characterized 
by multiple scales of aiAows with their horizontal dimensions extending  tens of meters to hundreds of 
kilometen. 
An attempt was made to  estimate the wind speed  based on three types of airborne objects: a 180 kg 
(390 Ib) chimney, a l o o 0  kg (one ton) corn storage bin. and lumber kom damaged roofs found inside 
downbunt areas. obtaining the maximum wind speed of 63 -c 10 m s" (140 -c 25 mph). A total of S500 
million damage reported  was  caused by fhunderstonn-induced non-tornadic stoims which affected very 
Iarge areas. 
SM3GOE.S pictures showed that the  parent  cloud  was oval-shaped with its lifetime in excess of 12 h. 
The overshooting areas enclosed by the -66°C isotherms shrunk rapidly at  the  onset of the Chicago-ma 
downbunts. indicating that  the  downbursts began when overshooting activities subsided. This variation 
of the overshooting features, however, does not necessarily imply a direct physical link between the 
collapsing top and  the downbunts  at  the surface. This  paper presents  cloud-top  features and wind effects 
on the ground with no  artempt to relate them on the basis of conceptual models currently available. 
No.3 To be p u b l i s h e d  i n  August  Issue o f  Journal  o f  Atmospheric  Sciences 
Tornadoes and Downbursts in  the  Context of Generalized Planetary Scales 
T. THEODORE FUJITA 
Deportment of Geophysical  Sciences. The University of Chicago.  Chicago. IL 6M37 
(Manuscript received 24 December 1980. in final form 2 February 1981) 
ABSTRACT 
In order to cover a wide range of horizontal dimensions of airflow, the author proposes a series of five 
scales, maso, meso, miso (to be read as my-so). moso and muso arranged in the order of the  vowels, 
A. E, I .  0. U. The dimensions decrease by two orders of magnitude per scale, beginning with the 
planet's equator length chosen to be the maximum dimension of masoscale. 
Mesoscale highs and lows were described on the bases of mesoanalyses. while sub-mesoscale dis- 
turbances were depicted by cataloging over 20 OOO photographs of wind effects taken from low-flying 
aircraft during the past IS years. Various motion thus classified into these scales led to a conclusion 
that extreme winds induced by thunderstorms are associated with misoscale and rnososcale airflow 
spawned by the parent, mesoscale disturbances. 
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TITLE: STRUCTURE AND DYNAMICS OF THE SEVERE STORM ENVIRONMENT: 
A COMPARISON BETWEEN RAWINSONDE AND SATELLITE-DERIVED DATA 
RESEARCH INVESTIGATOR: Gary J. Jedlovec 
ES84 
NASA/MSFC 
Huntsville, Alabama  35812 
(205) 453-2570 or FTS 872-2570 
SIGNIFICANT ACCOMPLISHMENTS FY 81: 
Atmospheric sounding d a t a  from the polar orbiting TIROS-N weather s a t e l l i t e  
have been obtained by the AVE-SESAME I experiment. These data consist of 
regional scale temperature and moisture profiles a t  mandatory pressure levels 
which  were produced w i t h  Man Computer Interactive Data Access System (McIDAS) 
processing by the NESS group Kt the UnTversity of Wiscoiisin. Gadient  thermal 
winds and balance winds  were  computed  from the sounding data and serve to sup- 
plement t he  sa t e l l i t e  d a t a  s e t .  These soundings, despite their limited vertical 
resolution, have a superior spatial resolution compared to conventional synoptic 
scale rawinsonde measurements. 
In  order to evaluate how well these d a t a  describe the structure of the severe 
storm environment, the soundings were made to  look l i ke  25 mb rawinsonde data 
from the AVE-SESAME experiment. This was done by f i r s t  computing basic meteor- 
ological parameters from the original satell i te data a t  mandatory pressure 
levels.  The basic  parameters were t h e n  interpolated i n  the vertical  to produce 
d a t a  a t  25 mb increments from the surface to 100 mb. These d a t a  have  been p u t  
on disk t o  be analyzed by Mesoscale and Severe Storms (MASS) computer a t  
Marshal 1 Space F1 i g h t  Center. 
CURRENT.FOCUS OF RESEARCH: 
Current efforts are directed towards producing gridded f i e lds  of meteorological 
parameters  using the  sa t e l l i t e  derived 25 mb sounding d a t a .  Parameters such as 
divergence, vertical motion, geopotential height, and various advection quantities 
(eg., vorticity, advection and moisture advection) along with the basic parameters 
can be used t o  describe the 3-dimensional strucure of the  atmosphere.  Similar 
techniques are being used on both the  sa t e l l i t e  and rawinsonde d a t a  so t h a t  
valid comparisons can be  made between the two d a t a  s e t s ,  
PLANS FOR FY 82: 
Since this research project was just  recently started,  the major analysis will be 
conducted d u r i n g  the FY 82. The researcher 's  familiari ty w i t h  the rawinsonde d a t a  
from the particular storm case under investigation will a i d  considerably in the 
evaluation of t he  sa t e l l i t e  sounding d a t a .  Particular differences between the 
two types of d a t a  will be evaluated for their meteorological significance and 
conclusions  will be presented based on these differences. An extended evaluation 
of the d a t a  may include other diagnostic computations fo r  s t ab i l i t y  and energy 
budget analysis. This would  be in the area of theresearcher 's  p a s t  area o f  
experience. A logical  follow-up t o  t h i s  work  would  be a similar evaluation of  
sounding data taken from the VAS instrument now being tes ted.  
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RFCOMMENDATIONS FOR NEW RESEARCH: 
The key to.a successful mesoscale meteorological analysis is to utilize data which 
capture  a given phenomenon under investigation. The Jack of such data has hampered 
research in the area of  severe local storms. An important step  to overcome  this 
problem is the application of space  sensors  to produce atmospheric  soundings with 
improved space and time resolution. With this data bzoming more  readily available, 
new  theories can be developed and tested which will lead to a better understanding 
of  the weather and increased predictability. Preliminary  analysis of satellite 
sounding data are  encouraging and efforts should be continued to develop and 
refine the retrieval techniques.  A  major  obstacle which faces  the user comnunity 
is the successful integration of satellite sounding data and rawinsonde data. 
The two  types of vertical profile information have inherent differences in that 
they  actually measure  as well as biases which needed not be the  same for each 
sensor. Further  investigation is needed to evaluate the data as well as the error 
the  measurements  contain before they can be successfully combined to  achieve 
the high resolution data the mesoscale m.,teorologist needs. 
PUBLICATIONS: 
Jedlovec, Gary J. and Henry E. Fuelberg, 1981: A  Subsynoptic-Scale Kinetic 
Energy Study o f  the Red River Valley Tornado Outbreak. Interim Rept., 
Contract  NAS8-33370, submitted for publication in June. 
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TITLE: MESOSCALE  STORM ANALYSIS AND INTERPRETATION UTILIZING THE 
McIDAS SYSTEM 
RESEARCH INVESTIGATORS Gary J. Jedlovec 
ES84 
NASA/MSFC 
H u n t s v i l l e ,  Alabama  35812 
(205) 453-2570 o r  FTS 872-2570 
SIGNIFICANT ACCOMPLISHMENTS  FY 81: 
A McIDAS t e r m i n a l  was i n s t a l l e d  i n  A p r i l  a t  M a r s h a l l  Space F l i gh t  Cen te r  as  
a t o o l   t o   e v a l u a t e   s e v e r e   s t o r m s  and local   weather   events .   Severa l   months 
w e r e  a l l o c a t e d  f o r  t h e  i n v e s t i g a t o r s  t o  become a c q u a i n t e d  w i t h  t h e  system, 
i t s  f i l e  s t r u c t u r e  and data base management,  and t o  f u r t h e r  e v a l u a t e  i t s  
p o t e n t i a l   f o r   s y n t h e s i z i n g   v a r i o u s   t y p e s   o f   m e t e o r o l o g i c a l   d a t a .  It was 
soon rea l i zed  tha t  t he  sys tem pe r fo rmed  we l l  and  wou ld  mee t  a l l  t he  
r e q u i r e m e n t s  s e t  f o r t h  t o  a n a l y z e  d a t a  f r o m  space  sensors i n  combinat ion 
w i t h   c o n v e n t i o n a l   m e t e o r o l o g i c a l   d a t a .  McIDAS a l s o   p r o v e d   t o  be ex t remely  
v a l u a b l e  i n  m a k i n g  q u a n t i f i e d  image c a l c u l a t i o n s  a n d  f o r  t h e  e v a l u a t i o n  o f  
VAS imagery and sounding data. 
CURRENT  FOCUS  OF RESEARCH WORK: 
The o v e r a l l  o b j e c t i v e  o f  t h e  McIDAS research program i s  t o  u t i l i z e  a v a i l a b l e  
d a t a  r e s o u r c e s  f o r  an i n v e s t i g a t i o n  o f  m e s o s c a l e  m e t e o r o l o g i c a l  phenomena. 
Data f rom specia l  exper iments conducted by NASA a r e  e x t e r m e l y  v a l u a b l e  i n  t h i s  
task because they provide measurements wi th improved t ime and space resolut ion 
o f  t h e  a t m o s p h e r e  d u r i n g  s t o r m  p e r i o d s .  C u r r e n t  r e s e a r c h  e f f o r t s  u t i l i z e  t h e  
v a s t  c a p a b i l i t i e s  o f  McIDAS t o  a n a l y z e  t h e s e  s p e c i a l  d a t a  s e t s .  
An impor tan t  aspec t  o f  McIDAS w h i c h  a l l o w s  f o r  a d e t a i l e d  a n a l y s i s  o f  storms 
i s  i t s  i n t e r a c t i v e  c a p a b i l i t y .  T h i s  a l l o w s  t h e  u s e r  t o  combine d i s p l a y ,  and 
o v e r l a y  many m e t e o r o l o g i c a l  p a r a m e t e r s  a t  h i s  own d i s c r e t i o n  i n  o r d e r  t o  b e t t e r  
e v a l u a t e  t h e  s i g n i f i c a n c e  o f  t h e  d a t a .  
A second major  feature o f  McIDAS i s  t h e  a b i l i t y  t o  work w i t h  t h e  image data 
i n  d i g i t a l  f o r m .  T h i s  a l l o w s  t h e  McIDAS u s e r  t o  s t u d y  t h e  c h a n g e s  i n  f e a t u r e s  
observed i n  s a t e l l i t e  images i n  a q u a n t i f i e d  manner  and r e l a t e  them t o  changes 
i n   o t h e r   m e t e o r o l o g i c a l   p a r a m e t e r s .  The importance o f  t h i s  i s  t h a t  s a t e l l i t e s  
r o u t i n e l y  p r o v i d e  d a t a  h a v i n g  r e s o l u t i o n  s u p e r i o r  t o  t h a t  o f  c o n v e n t i o n a l  d a t a .  
Used i n  c o n j u n c t i o n  w i t h  McIDAS, these measurements provide a u n i q u e  o p p o r t u n i t y  
fo r  the  mesosca le  researcher  to  advance h is  knowledge o f  the mesoscale env i ron-  
ment. 
PLANS FOR FY 82: 
Fu tu re  research  p lans  i nvo l v ing  McIDAS wil c o n t i n u e  t o  i n c o r p o r a t e  s p e c i a l  
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rawinsonde data as well as s a t e l l i t e  imagery to invest igate severe storm 
occurrences. A Major emphasis wil also be placed on the evaluat ion and 
usage o f  VAS imagery and sounding data which i s  becoming more r e a d i l y  a v a i l -  
able. Image data i n  t h e  C02 and water  vapor  spectral bands should provide 
new informat ion on the amounts o f  each substance and i t s  global concentration. 
Data f rom special  data col lect ion per iods wil be compared t o  f i n e  r e s o l u t i o n  
rawinsonde data t o  de te rm ine  the  qua l i t y  o f  t he  sa te l l i t e  soundings. 
With the McIDAS user comnunity increasing i n  size, the system cou ld  a l low fo r  
work i n  t h e  area o f  technique development and technology transfer. New fore- 
cast ing models and techniques could be developed and tested operat ional ly,  
using McIDAS to  eventua l l y  improve our severe storm p r e d i c t i o n  c a p a b i l i t i e s .  
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TITLE: AUTOMATED  MESOSCALE WINDS DETERMINED  FROM GOES SATELLITE IMAGERY 
AND AVE/SESAME/VAS  DATA 
RESEARCH INVESTIGATORS: Gregory S. Wilson/ES84 
Robert R. Jayroe/EF36 
NASA/MSFC 
Huntsv i  11  e , AL 3581 2 
and 
Bob Atk inson 
General E l e c t r i c  
H u n t s v i l l e ,  AL 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
An automated technique f o r  t i m e l y  and accurate ca lcu lat ions of  mesoscale winds 
us ing GOES s a t e l l i t e  imagery has been developed and tes ted  on  a l i m i t e d  d a t a  
sample. This   technique  ca lcu lates  " feature"mot ion i n  sequences o f  images us ing 
template match ing of  image subscenes.  Feature  select ion i s  done o b j e c t i v e l y  t o  
insure  mot ions tha t  a re  he igh t  ass ignab le  and a r e  r e p r e s e n t a t i v e  o f  t h e  a c t u a l  
wind.  Comparisons  have  been made between the "automated" winds and those 1 ) 
measured by the AVE IV spec ia l  rawinsonde,  2 )  ca lcu la ted  by  s ing le  p ixe l  t rack ing  
a t  MSFC and 3) those  calculated  on  the AOIPS/McIDAS systems.  Results  are 
encourag ing  to  the  po in t  where fu tu re  research  and technique ref inement have been 
proposed. 
CURRENT FOCUS OF RESEARCH- WORK-:_ 
Diagnost ic  evaluat ion of  the automated mesoscale winds i s   c u r r e n t l y  underway on 
MSFC's MASS computer  system.  This work wil determine  the  representat iveness o f  
these  winds as  compared to  o the r  su r face  and upper a i r  measurements. I n  a d d i t i o n ,  
r e c o n f i g u r a t i o n  o f  t h e  computer  code has a l lowed quas i - in te rac t ive  process ing  so 
that these mesoscale winds estimates can be ass im i la ted  w i th  o the r  spec ia l  da ta  
taken dur ing AVE/SESAME per iods.  
PLANS FOR FY82: 
We proposed the fol lowing new research: 1 ) technique ref inement and  improvement 
us ing VISSR da ta ,  2 )  meteoro log ica l  eva lua t ion  w i th  AVE/SESAME/VAS spec ia l  
ground- t ru th measurements, 3 )  r e a l - t i m e  t e s t i n g  on the  McIDAS computer network 
and 4 )  improvements r e l a t e d  t o  t h e  use o f  VAS data.  
RECOMMENDATIONSFOR NEW RESEARCH: 
We recommend t h i s  method  be  implemented  and t e s t e d  i n  an operat ional  environment 
t o  assess the usefulness o f  these wind est imates for  numerical  and short-range 
local  severe weather  forecasts  poss ib ly  us ing the McIDAS computer network. 
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APPLICATION OF THE AVE-SESAME DATA SETS 
TO  MESOSCALE  STUDIES 
I n v e s t i g a t o r :   D a v i d  Suchman 
Space  Sc ience  & Engineering Center  
Universi ty  of  Wisconsin,  Madison,  W I  53706 
(608)  262-5772 
C o n t r i b u t o r s :  Brian Auvine, H. Michael Goodman, Raymond Lord,  David  Santek, 
Ar thur  Thomas 
Scope of Research: 
To i n v e s t i g a t e  t h e . q u a n t i t a t i v e  a p p l i c a t i o n  o f  GOES data,  complemented 
b y  c o n v e n t i o n a l  d a t a ,  i n  t h e  i n v e s t i g a t i o n  of t h e  s t r u c t u r e  a n d  
dynamics of severe l o c a l  s t o r m s  a n d  c o n v e c t i v e  o u t b r e a k s :  
(1)   Using  the  '79 SESAME-AVE s to rm-sca le   r awinsonde   and   r ada r   da t a ,  
improve the methods whereby rapid-scan sa te l l i t e  imagery can be 
c o m b i n e d  w i t h  c o n v e n t i o n a l  m e t e o r o l o g i c a l  o b s e r v a t i o n s  t o  p r o d u c e  
more use fu l  da t a  se t s - - th i s  i nc ludes  improved  mesosca le  wind  
f i e l d s  f o r  a t  least  t h r e e  levels, and  combined s a t e l l i t e  and 
d i g i t a l  r a d a r  maps  of convect ion and small-scale thunders torm 
f e a t u r e s .  
t o  i s o l a t e  d e e p  c o n v e c t i o n  a n d  t o  d e t e c t  severe w e a t h e r  i n  i t s  
i n c i p i e n t   s t a g e s ,   a n d  
( 3 )  Complete  more cases o f   i n v e s t i g a t i n g  small-scale thunderstorm 
c h a r a c t e r i s t i c s ,  a n d  c o m b i n e  d i g i t a l  sa te l l i t e  and radar d a t a  
t o  re la te  t h e  o c c u r r e n c e  o f  c o l d  domes a n d  o v e r s h o o t i n g  t o p s  t o  
severe weather  a t  t h e  s u r f a c e .  
(2 )  Improve  means  whereby s a t e l l i t e  b r i g h t n e s s  d a t a  c a n  b e  u s e d  b o t h  
Accomplishments FY-81: 
(1)  Cloud  Winds: Wind sets (from  cloud tracers a n d   r a o b s )   f o r   t h r e e  
l eve ls ,  u s i n g  6 min sequences centered on 2115  and  2315 GMT f o r  
2 May '79  are  c o m p l e t e  a l o n g  w i t h  d e r i v e d  q u a n t i t i e s  s u c h  as 
d i v e r g e n c e ,  v o r t i c i t y  a n d  f l u x e s .  
( 2 )  Pene t r a t ing   Tops :   Fo r  2 May ' 7 9 ,   v i s i b l e   s i g n a t u r e s ,   v i s ,  I R  
a n d  r a d a r  b r i g h t n e s s  f i e l d s  a n d  s u r f a c e  s e v e r e  w e a t h e r  h a v e  b e e n  
p l o t t e d  a t  6 min  in t e rva l s  and  in t e rcompared  a long  wi th  c loud  
a n d  r a d a r  c r o s s - s e c t i o n s .  
rates f o r  v a r i o u s  b r i g h t n e s s  t h r e s h o l d s  are c o m p a r e d  w i t h  s t a t i s t i c s  
o f  s u r f a c e  severe weather  occurrences .  
( 4 )  Comparison  of S a t e l l i t e  a n d   R a d a r   B r i g h t n e s s   S t a t i s t i c s :   F o r  
20 May '79,  w e  h a v e  b e g u n  i n v e s t i g a t i n g  t h e  r e l a t i o n s h i p  b e t w e e n  
r a d a r ,  i n f r a r e d  a n d  n o r m a l i z e d  v i s  s a t e l l i t e  b r i g h t n e s s  d a t a .  
(5)  Data Processing:   Combining s a t e l l i t e ,  r a o b   a n d   a i r c r a f t   w i n d s ;  
p u t t i n g  M I ,  CAPPI r a d a r  remaps i n t o  sa te l l i t e  p r o j e c t i o n s .  
( 3 )   A n v i l   S t a t i s t i c s :   F o r  2 and 20 May ' 7 9 ,   r e l a t i v e  a rea l  growth 
Current  Focus of  Research Work: 
(1)  Complete  1915 GMC wind set  a n d  a n a l y s e s  f o r  2 May, and  begin  wind 
sets f o r  20 May. 
May and  compare  resu l t s .  
(2 )  Extend   ana lyses  of p e n e t r a t i n g  t o p s  i n  time: begin  work  on 20 
101 
(3) Relate shapes  of  anvi l  g rowth  curves  for  var ious  br ightness  levels 
t o  r a d a r  growth rates and types of severe weather  occurrences.  
( 4 )  Cont inue   d i rec t  s ta t i s t ica l  comparison  between  radar  and s a t e l l i t e  , 
br igh tness ;  beg in  r eg res s ion  ana lys i s  and  t ry  to  use  sa te l l i t e  
d a t a  t o  p r e d i c t  l o c a t i o n  of  echoes/severe weather  in  areas lacking  
radar .  
and r a d a r  severe weather  s ta t is t ics .  
(5) Begin  synthesis  of  above items t o  re la te  dynamics t o  sa te l l i t e  
P l a n s  f o r  FY-82: 
(1) Proceed as previous ly   descr ibed   to   comple te   th ree  case s t u d i e s :  
an  ex t remely  ac t ive  case ( 2  May), a modera te ly  ac t ive  case (20 
May), and one with l i t t l e  a c t i v i t y  (8 June) .  
and to  the  occurrence  of  severe  weather  a t  t h e  s u r f a c e .  
b r i g h t n e s s  t o  r a d a r  r e f l e c t i v i t y  a n d  t o  l o c a t i o n  a n d  t y p e  o f  
severe  weather .  Apply t h e s e  r e l a t i o n s h i p s  t o  areas of  no r ada r  
coverage. 
( 4 )  I n t e r r e l a t e  o u r  r e s u l t s  ( 8 2  & 113) f o r  t h e  t h r e e  c a s e  s t u d i e s  t o  
see how s i tua t ion  dependent  they  are. 
(5) Incorpora te  VAS d a t a   i n t o   o u r   s t u d i e s .  
( 2 )  Work on r e l a t i n g  t h e  small scale dynamics t o  t h e  a n v i l  morphology 
(3 )  C o n t i n u e  t o  g a t h e r  s t a t i s t i c s  on t h e  r e l a t i o n s h i p  o f  s a t e l l i t e  
Recommendations f o r  New Research: 
(1)   Incorporate  s a t e l l i t e  s igna tu re   i n fo rma t ion   i n to   fo recas t ing  
rou t ines .  
( 2 )  Test o u t  s a t e l l i t e - r a d a r  r e l a t i o n s h i p s  on  more  and var ied  cases .  
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Title:  Diagnostic  Analyses  of  the  Environment of Severe  Storms  Using 
Atmospheric  Variability  Experiment  (AVE)  and  Satellite  Data. 
Principal  Investigator:  Dr.  James R. Scoggins 
Department of Meteorology 
Texas  A&M  University 
College  Station,  Texas  77843 
7131845-6011 
Significant  Accomplishments  FY-81:  Rawinsonde  Sounding  Data  for  both  AVE V I 1  
and  AVE-SESAME I were  gridded  vertical  motion  computed  using  the  kinematic 
method  with  the  O'Brien  correction,  and  the  moisture  budget  evaluated  for 
three  layers  below  500  mb.  Considerable  effort  was  expended  on  the  computation 
of vertical  motion,  and  an  attempt  was  made  without  success  to  modify  the 
O'Brien  correction  scheme  to  make  it  more  realistic.  Also,  considerable 
effort  was  expended on the  evaluation  and  interpretation  of  the  local  time 
derivative  and  residual  terms  in  the  moisture  budget  equation. A 6-hr  centered 
time  difference  was  determined  to  be  inadequate  for  computing  the  local  time 
derivative.  To  circumvent  their  problem,  the  moisture  budget  equation  was 
intergrated  over  time  which  makes  it  possible  to  express  the  equation  in a 
more  suitable  form  for  analysis  and  interpretation.  This  form  of  the  equation 
is  now  being  evaluated. 
The  vorticity  budget  has  been  programmed  but  computations  will  not  be 
performed  until  the  moisture  budget  has  been  analyzed  and  interpreted.  The 
reason  is  that  results  from  the  moisture  budget  analysis  will  aid  in  the 
vorticity  budget  analysis.  This  analysis  will  include  the  same  three  layers 
as  the  moisture  budget  analysis  and  will  be  for  the  same  times. 
Current  Focus of-Research Work:  Our  current  focus  is  on  the  interaction  between 
convective  cloud  systems  and  their  environment.  We  hope  to  establish the energy 
source  for  convective  activity,  how  the  moisture  is  redistributed  in  the  vicinity 
of  the  convective  activity,  and  what  influence  the  convective  activity  has  on  its 
near  environment. 
Plans  for  FY-82:  Complete  the  analysis  discribed  above  and  properly  document. 
Recommendations  for  New  Research:  Mesoscale  processes  preceding,  accompanying, 
and  following  the  sessation  of  convective  activity  is  inadequately  understood. 
These  mesoscale  systems  may  be  the  key  to  accurate  short  range  forecasts of 
thunderstorms,  precipitation,  and  other  short-period  phenomena  as  well  as 
influence  significantly  the  larger  scale  systems.  All  available  data  and 
especially  the  VAS  sounding  data  should  be  analyzed  and  interpreted  with  the 
objective  of  better  understanding  mesoscale  systems,  their  utility imshort 
range  forecasting,  and  their  influence  on  larger  scale  systems. 
List  of  Publications  Prepared  since  June  1980:  The  following  reports  were 
published  in 1980 although  the  research wa's done  prior  to  that  time  on  another 
contract. No publications  were  prepared  on  the  research  described  above. 
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List of Publications  Prepared  since  June 1980: cont. 
1. Davis, J. G., and  J.  R.  Scoggins, 1981: The  Development of Convective 
Instability,  Wind  Shear,  and  Vertical  Motion  in  Relation  to  Convective 
Activity  and  Synoptic  Systems  in AVE IV.  NASA  CR-3386.  pp.  131. 
2 .  Scoggins,  J. R., W. E. Carle,  Keith  Knight,  Vance  Moyer,  and  N.  M.  Cheng, 
1981: A  Comparative  Analysis of Rawinsonde  and  Nimbus 6 and  Tiros N 
Satellite  Profile  Data.  NASA  RP-1070. pp. 71. 
3. Knight,  K. S., and J. R. Scoggins,  1981:  Atmospheric  Structure  Determined 
from  Satellite  Data.  NASA  RP-1071. pp. 95. 
4 .  Carle, W. E.,  and J. R.  Scoggins,  1981:  Determination of Wind  from  Nimbus 
6 Satellite  Sounding  Data.  NASA  RP-1072. pp. 72. 
5. Cheng, N. M., and J. R. Scoggins,  1981:  Comparisons  Between  Nimbus 6 
Satellite  and  Rawinsonde  Soundings  for  Several  Geographical  Areas.  NASA 
RP-1073. pp. 6 4 .  
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Title:  AVE-SESAME  Data  Processing 
Principal  Investigator:  Dr.  James R. Scoggins 
Department  of  Meteorology 
Texas A&M University 
College  Station,  Texas  77843 
713/845-6011 
Significant  Accomplishments  FY-81:  The  processing  of  rawinsonde  soundings 
was  concluded  for six AVE-SESAME  days. A preliminary look report  was  pre- 
pared  for  each  day  and  data  were  placed  on  magnetic  tape  and a data  report 
prepared. 
Current  Focus of Research  Work:  Concluded. 
Plans  for  FY-82:  None. 
Recommendations  for  New  Research:  None. 
List  of  Publications  Prepared  since  June  1980:  The  reports  published  for 
1980 are  presented  below  for  quick  reference. 
1. Williams, S. F.,  Nicholas  Horvath,  and R. E. Turner,  1980:  A  Preliminary 
Look  at  AVE-SESAME  I1  Conducted  on  April  19-20,  1979.  NASA  T"78280. pp 49. 
2.  Williams, S. F.,  M. L. Gerhard,  and R. E. Turner,  1980:  AVE-SESAME  11: 
25-mb  Sounding  Data.  NASA  T"78281. pp. 373. 
3. Williams, S. F.,  Nicholas  Horvath,  and R, E, Turner,  1980:  A  Preliminary 
Look  at  AVE-SESAME  I11  Conducted  on  April  25-26,  1979.  NASA  TM-78282. pp. 43
4. Williams, S. F., M. L. Gerhard, L. P.  Gilchrist,  and R. E. Turner,  1980: 
AVE-SESAME  111:  25-mb  Sounding  Data.  NASA  T"78283. pp. 380. 
5. July,  M. J., and R. E.  Turner,  1980: A  Preliminary  Look  at  AVE-SESAME  IV 
Conducted  on  9-10  May  1979.  NASA  T"78314. pp. 51. 
6.  Sienkiewicz,  M.  E.,  L.  P.  Gilchrist,  and R. E. Turner,  1980:  AVE-SESAME  IV: 
25-mb  Sounding  Data.  NASA  T"78315. pp. 386. 
7. July, M. J.,  and R. E.  Turner,  1981:  A  Preliminary Look at  AVE-SESAME V 
Conducted  on  20-21  May  1979.  In  Press. 
8. Sienkiewicz, M. E.,  L.  P.  Gilchrist,  and R. E. Turner,  1981:  AVE-SESAME  V: 
25-mb  Sounding  Data.  In  Press. 
9. July, M. J., and R. E. Turner, 1981: A  Preliminary  Look  at  AVE-SESAME  VI 
Conducted  7-8  June  1979.  NASA  T"82398.  pp.  50. 
10. Sienkiewicz,  M.  E.,  L. P. Gilchrist,  and R. E. Turner, 1981: AVE-SESAME  VI: 
25-Sounding  Data.  NASA  T"82397. pp. 301. 
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Tit le :  Storm  Environment  Interactions  Determined from AVE-SESAME and 
S a t e l l i t e  Data 
P r i n c i p a l   I n v e s t i g a t o r :  Henry E. Fuelberg 
Department of Earth and Atmospheric Sciences 
Sa in t  Lou i s  Un ive r s i ty  
221 North Grand Blvd. 
St .  Louis ,  Missouri  63103 
314-658-3121 
Significant Accomplishments FY-81 
f e a t u r e s  a t  the subsynopt ic  scale, tha t  produce  severe l o c a l  s t o r m s  and 
how these storms, once formed, a l te r  the i r  su r round ings .  
Our g o a r i s  t o  b e t t e r  u n d e r s t a n d  a t m o s p h e r i c  c o n d i t i o n s ,  e s p e c i a l l y  
The subsynopt ic -sca le  k ine t ic  energy  s tudy  of  AVE-SESAME I (Red River 
Val ley  outbreak)  was completed  during FY-81. T h e s e  r e s u l t s ,  u t i l i z i n g  
rawinsonde data  f rom both the rout ine NWS and s p e c i a l  s i te  l o c a t i o n s ,  were 
compared wi th  those  ob ta ined  earlier us ing  on ly  the  NWS sites. The energy 
balance was found t o  undergo major time v a r i a b i l i t y  t h a t  c o u l d  n o t  b e  de- 
t ec t ed   u s ing   o rd ina ry  12  h da t a .   In t e re s t ing ly ,   however ,   space   pa t t e rns  
of t he  va r ious  pa rame te r s  and many area-averaged numerical  values  are r a t h e r  
similar f o r  t h e  two sets of d a t a .  S p e c i a l  a t t e n t i o n  w a s  placed on t h e  form- 
a t i o n  of a s t rong upper- level  wind maximum over Oklahoma t h a t  formed coin- 
c ident  with the tornado outbreak.  Much o f  t he  time a n d  s p a c e  v a r i a b i l i t y  
s e e n  i n  t h e  e n e r g e t i c s  is cons i s t en t  w i th  tha t  hypo thes i zed  to  be  caused  by 
feedback from intense convection. 
Relative contributions of the divergent and nondivergent wind components 
t o  k ine t i c  ene rgy  con ten t ,  gene ra t ion ,  and t r a n s p o r t  are be ing  s tud ied  fo r  
t h e  AVE I V  per iod  (Apr i l  1975). I n  t h e  v i c i n i t i e s  o f  two major  convect ive 
areas, the  d ive rgen t  wind accoun t s  fo r  as much as 10% of t h e  t o t a l  k i n e t i c  
energy  content .  Even more important ,  it produces up t o  70% o f  t h e  t o t a l  
cross-contour generation and 87% of  the  ho r i zon ta l  f l ux  d ive rgence  of k i n e t i c  
energy .  Var ia t ions  in  the  d ivergent  component are as g r e a t  as those  of  the  
nondivergent component.  The r e s u l t s  s u g g e s t  t h a t  areas of   severe   s torms 
grea t ly  modi fy  the i r  sur rounding  wind f i e l d s  t h r o u g h  t h e  d i v e r g e n t  wind com- 
ponent.   This i s  q u i t e  s i g n i f i c a n t  b e c a u s e  c u r r e n t  NWP forecast   models   in-  
adequately t reat  the  d ive rgen t  component. 
Ad iaba t i c  ve r t i ca l  mo t ions  were examined during the AVE-SESAME I case 
and  compared wi th  the  more common k inemat i c  ve r t i ca l  mo t ions .  A t  500 mb, t h e  
k inemat ic  mot ions  c lear ly  are s u p e r i o r ;  however, a t  700 mb a d i a b a t i c  v e l o c i t i e s  
are nea r ly  as good as the  k inemat ic .  S ince  synopt ic -sca le  ad iaba t ic  ver t ica l  
mot ions  genera l ly  have  been  found to  be  inf .e r ior  to  the  k inemat ic  var ie ty ,  w e  
hypothes ize  tha t  the  16 s p e c i a l  RAOB!,sites and t h e  s p e c i a l  3 h observa t ion  
i n t e r v a l  d u r i n g  AVE-SESAME I p roduce \ these  improvements over past perform- 
ance. The r e s u l t s  s u g g e s t  t h a t  d t ' m a y  b e  p o s s i b l e  t o  compute meaningful 
a d i a b a t i c   v e r t i c a l  m o t i o n s  from VAS sounder   data .  I 
Erro r  ana lyses  were conducted on a l l  k inemat ic  and  k ine t ic  energy  para-  
meters being  s tudied.  S.uch ana lyses  are n e c e s s a r y  t o  e s t a b l i s h  t h e  e f f e c t s  
of rawinsonde  da ta  e r rors  on d e r i v e d  q u a n t i t i e s .  B e s i d e s  e s t a b l i s h i n g  c o n f i -  
dence limits i n  o u r  r e s u l t s ,  s u c h  s t u d i e s  w i l l  s e r v e  as the  s t anda rd  by which 
sa te l l i t e  der ived parameters  are compared. 
Structure  functions  have  been  computed  on  all  basic  parameters  during 
the AVE-SESAME I period. These analyses  show  the  relative  activity  of  the 
various  wavelengths.  Wind  parameters  exhibit  the  greatest  variability. 
Before  severe  storm  development,  synoptic-scale  wavelengths  are  most  active, 
but  as  the  storms  develop,  wavelengths  near 1100 km and 1600 km become  dom- 
inant. The activity  at  these  meso  a-scales  appears  directly  proportional  to 
the  intensity  and  areal  coverage  of  storms  within  the  area. 
Current  Focus  of  Research 
During FY-81 we emphasized  those  storm-environment  interactions  detectable 
with  data  at 250-400 km spacings. DuringEY-82 we will focus  on  those  inter- 
actions  that  are  resolvable  using  data  with  spacings  near 100 km (storm  scale). 
TIROS  and VAS sounder  data  are  available  at  these  resolutions,  and we will 
make  extensive  use  of  these  data  sources  during  our  investigations.  With  a 
more  complete  understanding  of  the  smaller  scales, we will  be  better  able  to 
utilize  satellite  data  sources  in  forecasting  routines  and  incorporate  the 
effects  of  the  smaller  scales  into  numerical  prediction  models.  Details  of 
our  plans  are  given  in  the  next  section. 
Plans  for FY-82 
One  of  the  three  storm-scale AVE-SESAME cases  will  be  selected  for  de- 
tailed  analysis.  Kinematic  and  kinetic  energy  parameters  then will  be  eval- 
uated  over  both  the  Oklahoma  mesonetwork  and  the  surrounding  synoptic-scale 
area. A major  task  will  be  to  incorporate  computational  procedures  in  the 
meso  &scale  analysis  that  will  lessen  problems  due  to  operating  near  the 
error  range  of  the  input  data.  Interactions  between  storms  and  their  meso B- 
scale  environments  will  be  described. 
"-
A major new effort  will  begin  to  yield  improved  low-level,  satellite- 
derived  winds. This effort  is  desirable  because  previous  studies  based  on 
M O B  data  have  shown  that  low-level  kinematic  parameters  are  strongly  cor- 
related  with  severe  storm  development.  Our  plan  is  to  modify  TIROS N- derived 
geostrophic  winds  such  that  they  conform  to  well  known  boundary  layer  assump- 
tions. We tentatively  plan  to  use  data  from  the AVE-SESAME I period.  The 
low-level  winds  and  parameters  obtained  therefrom thenwill be  thoroughly  eval- 
uated  against  those  from  RAOB  data  and  related  with  the  locations of storms 
and  other  weather  phenomena. 
Recommendations  for  New  Research 
explore  the  merits  of VAS data  in  defining  the  rapidly  changing  wind  patterns 
prior to, and  in  the  early  stages of,  severe  storm  development.  Instead of 
using  cloud-derived  winds,  we  propose  to  obtain  thermally-derived  values.  In 
the  region  below  850 mb, the  total  wind  (not  geostrophic)  will  be  derived  from 
boundary-layer  equations  such  that  the  flow  would  conform  to  analyzed  temper- 
ature  fields  obtained  from  the VAS. In  the  upper  levels,  standard  thermal 
type  wind  equations  will  be  used  to  derive  the  flow  patterns.  Thermally  de- 
rived  winds  have  been  successfully  obtained  from  TIROS  data  and  are  especially 
useful  when  trackable  clouds  are  not  located  at  the  necessary  horizontal 
and/or  vertical  locations  of  interest.  Our  proposed  study  would  evaluate  the 
usefulness  of  this  technique on a  smaller  scale.  Special  emphasis  will  be 
placed  on  the  short  term  variability  of  winds  that  the VAS provides.  The 
thermally-derived  wind  patterns  will  be  compared with RAWIN-derived  values  from 
Based  on  our  experience  in  deriving  winds  from  TIROS N data,  we  wish  to 
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a concurren t  spec ia l  mesosca le  ne twork .  Var ious  k inemat ic  (vor t ic i ty ,  wind 
s h e a r ,  a d i a b a t i c  vertical mot ion ,  mois ture  t ranspor t ,  etc.) and k i n e t i c  en- 
ergy parameters  w i l l  be  computed from t h e  w i n d s  t o  assess the  impact  of t h e  
VAS da ta  in 'descr ib ing  the  a tmosphere .  These  der ived  parameters  a l so  w i l l  
be  eva lua ted  aga ins t  RAOB-derived parameters.  Our goa l  is t o  d e s c r i b e  t h e  
advantages  and  l imi ta t ions  of a mesoscale thermal wind approach toward the 
d iagnos is  and e v e n t u a l  p r e d i c t i o n  of t h e  severe storm environment. 
P u b l i c a t i o n s  s i n c e  June 1980: "- 
Fuelberg,  H. E . ,  E. M. Berecek, D. M. Ebel,  and G. J. Jedlovec ,  1980: 
"
Kinet ic  energy  budgets  in  areas of in tense  convec t ion .  NASA CR 3336, 184  pp. 
Moore, J. T . ,  and H. E. Fuelberg,  1981: A s y n o p t i c   a n a l y s i s  of t h e  
Jedlovec,  G. J. , and  H,.-E"FUelberg,  1981: A subsynop t i c - sca l e  k ine t i c  
f i r s t  AVE-SESAME '79  period. Bul l .  h e r .  Meteor.  SOC., i n   p r e s s .  
energy study of the Red River Val ley tornado outbreak (AVE-SESAME I). NASA 
CR, i n  p r e s s .  
Fuelberg,  H. E . ,  and G. J. Jedlovec,  1980: P r e l i m i n a r y   r e s u l t s  of a 
k ine t i c  ene rgy  s tudy  fo r  t he  AVE-SESAME I per iod .  Presented  a t  the  Ext ra-  
t r o p i c a l  Cyclone Workshop a t  Pennsylvania  S ta te  Univers i ty ,  Ju ly  1980. 
Belt, C. L . ,  and H. E. Fuelberg,  1981: The e f f e c t s  o f  random e r r o r s  
i n  rawinsonde  data on der ived  k inemat ic  quant i t ies .  Submi t ted  to  Mon. Wea. 
Rev. -
Moore, J.  T. ,  and H. E. Fuelberg,  1981: A subsynopt ic -sca le   ana lys i s  
of t h e  10-11 Apr i l  SESAME '79.  Abstracts  of SESAME 1979 Pre l iminary   Resul t s  
Workshop, Hun t sv i l l e ,  AL, 17-19. 
Jedlovec,  G. J.  and H. E. Fuelberg,  1981: A subsynop t i c - sca l e   k ine t i c  
energy  ana lys i s  of t h e  10-11 A p r i l  SESAME '79  per iod .  Abs t rac ts  of  SESAME 
1979 Prel iminary Resul ts  Workshop, Hun t sv i l l e ,  AT.,, 21-23. 
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TITLE: MESOSCALE  CIRCULATIONS AND CONVECTIVE STORM FORMATION 
RESEARCH INVESTIGATOR: Gregory S. Wilson/ES84 
NASA/MSFC 
H u n t s v i l l e ,  AL 35812 
SIGNIFICANT ACCOMPLISHMENTS FY81! 
NASA's unique AVE/SESAME I data were e x t e n s i v e l y  a n a l y z e d  t o  i d e n t i f y  mesoscale 
s t r u c t u r a l  f e a t u r e s  and  dynamical  processes  influencing  severe  thunderstorm 
development  dur ing  Apr i l  10-11,  1979. The primary  purpose o f  t h i s  r e s e a r c h  wq.w 
t o  e s t a b l i s h  t h e  r e l a t i v e  i m p o r t a n c e  o f  mesoscale systems in  c rea t ing  env i ronmenta l  
cond i t ions  favorab le  fo r  thunders to rm and severe weather development. 
P r e l i m i n a r y  r e s u l t s  have i d e n t i f i e d  t h r e e  s t r o n g  meso'+ scale systems, t 'hat were 
inst rumenta l  i n  creat ing env i ronmenta l  condi t ions favorable for  s t rong thunder-  
storm development over the AVE/SESAME network. Two o f  these  systems were associated 
with the development and movement o f  two separate convective storm complexes 
inc lud ing  the  s torm  system  conta in ing  the  Wich i ta   Fa l ls ,  Texas tornado. TIROS-N 
sa te l l i t e  sound ing  da ta  and GOES s a t e l l i t e  imagery  were  used ex tens i ve l y  to  suppor t  
these conclusions. 
The s t rong cont ro l l ing  in f luence exer ted  by  these systems over severe thunderstorm 
development points t o  t h e  need to  be t te r  unders tand and p r e d i c t  t h e s e  f e a t u r e s  f o r  
improving  severe  storm and local   weather   predic t ions.  The po ten t i a l   f o r   improv ing  
severe weather understanding and predic t ion,  us ing data f rom the new VAS was 
examined . 
CURRENT FOCUS OF RESEARCH WORK: 
GOES-W and spec ia l  sur face  da ta  a re  be ing  ana lyzed to  de termine the  in i t ia t ing  
fo rces   respons ib le   fo r   c rea t ing   these meso-a scale  systems.   Analy t ica l   descr ip t ion 
o f  these  wave-system c h a r a c t e r i s t i c s  i s  a l s o  b e i n g  examined.  Other TIROS-N 
sounding  data  are  being  used  over  the  WesternU.S. t o  a s s i s t  i n  t h i s  a n a l y s i s .  
PLANS FOR FY82: ""- 
A three-  d imens iona l  t ra jec to ry  model  and s a t e l l i t e  d e r i v e d  w i n d s  wil be used t o  
improve th i s  d iagnos t i c  s tudy  re la t i ve  to  s tudy ing  the  dynamica l  cha rac te r i s t i cs  
o f  these meso-6 systems. 
RECOMMENDATIONS FOR NEW RESEARCH: 
The use o f  t h e  VAS i n s t r u m e n t  i n  t h i s  t y p e  o f  s t u d y  i s  h i g h l y  d e s i r a b l e .  The 
e x e c u t i o n  o f  AVE/VAS wil p r o v i d e  t h e  s a t e l l i t e  and g round- t ru th  da ta  to  va l i da te  
the VAS instrument performance and prov ide new mesoscale data t o  d i a g n o s t i c a l l y  
and numer ica l ly  s tudy these types of  mesoscale c i rcu la t ions.  Improved under-  
standing and pred ic t ion  o f  severe  s to rms depends on t h i s  t y p e  o f  measurernent/research 
nrogram. 
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TITLE: CHARACTERISTICS OF AGEOSTROPHIC MOTION I N  THE VICINITY OF SEVERE 
WEATHER 
RESEARCH INVESTIGATOR:  James E. Arnold 
ES84 
Atmospheric Sciences Division 
Space Sciences Laboratory 
Marshal l  Space F l i gh t   Cen te r ,  AL 35812 
Telephone:  453-2570 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
The AVE-SESAME I storm  case  has  been  used to  eva lua te  the  ageost roph ic  mot ion  
present i n  t h e  v i c i n i t y  o f  a severe  storm. The temporal and spat ia l   ageos t roph ic  
c h a r a c t e r i s t i c s  have  been determined us ing object ive analys is  techniques to  
analyze  the  height and observed  wind  f ie lds  der ived  f rom  rawinsonde  data.  The 
geostrophic wind determined from the geopotent ia l  height f ie lds are used along 
wi th  the analys is  o f  the observed winds to  determine the vector  ageost rophic  
wind.   Resul ts   ind icate  that   the  reg ion  in   which  the  s torms  develop  are  areas 
o f  maximum ageostrophic  f low.  The maximum ageostrophic  f low  (percentage o f  
depar ture f rom the geost rophic  wind)  takes p lace at  the t ime of  most  in tense 
convective  development and t o r n a d i c  a c t i v i t y .  P r i o r  t o  t h e  t i m e  o f  s t o r m  
development, the maximum percentage departure from geostrophic speeds took p lace 
i n  t h e  mid-troposhere',  with the maximum departure approximately 55% less than 
the geost rophic  wind at  the 500 mb l e v e l  a t  t h e  t i m e  o f  f i r s t  tornado informat ion.  
The hor izon ta l   o f   the   ageos t roph ic   w ind   equat ion  have  be n evaluated 
over  the  south as w e l l  as w i t h i n  a small  rea  boundinq  the  storm 
ac t i ve  reg ion , /On  the  l a rge r  sca le ,  resu l t s  i nd i ca te  tha t  t he  ra t i o  
(d$/dt) / ( d t g / d t )  
ranges  from a regional  average o f  3.5 a t  800 mb t o  2.5 a t  200 mb. Decomposition 
o f  b o t h  t o t a l  d e r i v a t i v e s  i n t o  l o c a l  d e r i v a t i v e s  and advec t ive  te rms ind ica te  tha t  
a l l  terms  are  o f   approx imate ly   the same magni tude.   Contr ibut ions  f rom  loca l  
change terms tend t o  be s l igh t ly  h igher  than advec t ive  te rms near  the  sur face  
b u t  t h e  r a t i o  approaches u n i t y  i n  t h e  u p p e r  t r o p o s p h e r e .  
CURRENT FOCUS : 
Present  emphasis i s  on the  development o f  a four  d imensional  representat ion 
of  the ageostrophic  mot ion about  a storm  region. Two dimensional   cross  sect ions 
(Z , t )  fo r  the  re la t i ve  magn i tudes  o f  component terms in  the  ageos t roph ic  w ind  
equat ion are being constructed and i d e n t i f i a b l e  a s p e c t s  o f  t h e  a g e o s t r o p h i c  f l o w  
are being re la ted to  s torm development ,  Sur face features and weather  are  being 
i n teg ra ted  i n to  the  ove ra l l  p i c tu re  o f  s to rm deve lopmen t  i n  o rde r  to  re la te  
t h a t  t o  t h e  a g e o s t r o p h i c  b e h a v i o r  i n  t h e  a r e a  o f  s t o r m  a c t i v i t y .  
PLANS FOR FY 82: 
A con t inuat ion  o f  FY 81 e f f o r t s  wil be c a r r i e d  o u t  i n  8 2 .  A d d i t i o n a l  AVE-SESAME 
cases wil be i n c o r p o r a t e d  i n t o  t h e  s t u d y  i n  o r d e r  t o  g e n e r a l i z e  t h e  r e s u l t s .  
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Characteristic  ageostrophic  motion-severe  weather elated relationships 
will be defined.  Emphasis will also be placed on using such relationships 
to enable the identification o f  potential severe  weather  regions from 
space using cloud  motion and thermodynamic parameters derived from 
geostationary platforms. 
RECOMMENDATIONS FOR NEW RESEARCH: "- 
Height fields derived from VAS soundings along with cloud motion vectors' 
should be used to evaluate  the ageostrophic motions present in the atmosphere 
based on satellite observations. An AVE-VAS type program should be carried 
out to  support  this goal in order to  evaluate the mesoscale  structure in 
both space and time. 
PUBLICATIONS: 
Abstracts o f  Proceedings at the  SESAME 1979 Preliminary Results Workshop, 
Huntsville,  Alabama,  March 24-25, 1979. 
1 1 1  
Diagnostics of Severe Convection and Subsynoptic 
Scale Ageostrophic Circulat ions 
Donald R. Johnson,  Space Science & Engineering Center, 
The Universi ty of  Wisconsin-Madison 
S i g n i f i c a n t  Accomplishments FY-81: 
The p r i n c i p l e  r e s e a r c h  t h r u s t s  d u r i n g  FY81 c o n t i n u e d  t o  be d iagnos t i c  and 
numer i ca l  s tud ies  o f  ageos t roph ic  mo t ion  a t tend ing  j e t  s t reak  c i r cu la t i ons  and 
t h e  development o f  deep convection. The diagnost ic  studies  have  focused on 
t h e  A V E - I V  severe weather events and  have culminated i n  a phys ica l  perspec t ive  
o f  t h e  l i n k  between mass c i r c u l a t i o n s  imbedded w i t h i n  t h e  MCCs and t h e  d i r e c t  
b r a n c h  o f  j e t  s t r e a k s  a l o n g  w i t h  a comparison of the semi-geostrophic forms 
for   ageost rophic   mot ion.  The numerical and t h e o r e t i c a l  work inc ludes :  1) 
model  development t o  i nc lude  hea t ing  and viscous  processes f o r  t h e  s t u d y  o f  
t h e i r  e f f e c t s  on j e t  s t r e a k  c i r c u l a t i o n s ,  2) development  and  study o f  a model 
of  ageostrophic mot ion div ided into pseudo-geostrophic and pseudo-ageostrophic 
Components t h a t  c o n t a i n  e x p l i c i t  degrees o f  freedom f o r  t h e  e f f e c t s  o f  d i a b a -  
t i c  h e a t i n g  and f r i c t i o n ,  3) the comparison of  the model ’s mass-momentum evo- 
l u t i o n  f r o m  i n i t i a l i z a t i o n  based upon geostrophic and pseudo-geostrophic 
v e l o c i t i e s  and 4) the s tudy of  the depth of  the p lanetary  boundary layer  as a 
f u n c t i o n  o f  t h e  v e r t i c a l  v a r i a t i o n  o f  a b s o l u t e  v o r t i c i t y  t h r o u g h  pseudo- 
geostrophic  concepts. The development  work fo r  t he  hyb r id  i sen t rop i c -s igma 
coord inate model has a l so  i nc luded  the  improvement o f  f l u x  c a l c u l a t i o n s  f o r  
t r u n c a t e d  i s e n t r o p i c  g r i d  volume a d j a c e n t  t o  t h e  i n t e r f a c e  between the . isen- 
t r o p i c  and  sigma  domains  and an enhancement o f  h o r i z o n t a l  r e s o l u t i o n .  
I n  t h e  i n i t i a l i z a t i o n  experiments, u t i l i z i n g  pseudo-geostrophic concepts 
o f  s t e a d y  i s e n t r o p i c  f l o w ,  i n e r t i a l  components of  ageost rophic  mot ion are 
d e t e r m i n e d  t h r o u g h  t h e  d i s t r i b u t i o n s  o f  a b s o l u t e  v o r t i c i t y  and k ine t i c  ene rgy  
superimposed on t h e  g e o s t r o p h i c  s t a t e .  V a r i a t i o n s  o f  v o r t i c i t y  l e a d  t o  i n e r -  
t i a l  components o f  ageostrophic mot ion along the geostrophic f low whi le the 
g r a d i e n t  o f  k i n e t i c  e n e r g y  a s s o c i a t e d  w i t h  f i n i t e  l e n g t h  j e t s  l e a d s  t o  com- 
ponents of   ageostrophic  mot ion  normal t o  the  geostrophic  current.  Comparison 
o f  model i n teg ra t i on  w i th  geos t roph ic  and pseudo-geostrophic i n i t i a l  c o n d i -  
t i o n s  have  revealed  the  fo l lowing: 1) t h e   a g e o s t r o p h i c   m o t i o n   i m p l i c i t   i n  
pseudo-geostrophic i n i t i a l  c o n d i t i o n s  c o n t a i n  r e a l i s t i c  d i r e c t  and i n d i r e c t  
mass c i r c u l a t i o n s ,  2) w i t h  g e o s t r o p h i c  i n i t i a l  c o n d i t i o n s ,  r e a l i s t i c  d i r e c t  
and i n d i r e c t  mass c i r c u l a t i o n s  o n l y  d e v e l o p  a f t e r  s i x  t o  n i n e  h o u r s  o f  i n t e -  
g r a t i o n  t h a t  a r e  accompan ied  by  spur ious  grav i ty  iner t ia l  osc i l la t ions ,  3) t he  
e v o l u t i o n  o f  t h e  v e l o c i t y  s t r u c t u r e  and f i e l d s  o f  d i v e r g e n c e  o f  p r o p a g a t i n g  
j e t s  from the pseudo-geostrophic experiments are well  behaved, 4)  t h e  s t r u c -  
ture of  the ageostrophic  mot ion evolv ing f rom the pseudo-geost rophic  and geo- 
s t r o p h i c  i n i t i a l  c o n d i t i o n s  d i f f e r e d  s u b s t a n t i a l l y  d u r i n g  36 hours o f  t h e  
exper iment .   Adiabat ic   inv isc id   exper iments have a l s o  been conducted t o  s t u d y  
the undesi rab le growth of  the computat ional  mode which has been reduced by 
changing the t ime step f r o m  5 t o  2.5 minutes. 
The model development to  fnc lude v iscous processes i s  based on t h e  f l u x  
methodology. The n e t  f r i c t i o n a l  f o r c e  i s  d e t e r m i n e d  by  boundary  stresses on 
t h e  g r i d  volume  element ( i nc lud ing  t runca ted  volume e lements)  thereby readi ly  
s a t i s f y i n g  i n t e g r a l  c o n s t r a i n t s  f o r  momentum d i f f u s i o n .  A t  t h e  same time, 
improved  methods o f  i n t e r p o l a t i o n  f o r  p h y s i c a l  p r o c e s s e s  w i t h i n  t r u n c a t e d  
volumes  near  the  interface  have  been  included. The m o d i f i c a t i o n s  more 
a c c u r a t e l y  p a r t i t i o n  t h e  v e r t i c a l  exchange o f  mass and momentum across  the  
i n t e r f a c e  i n  t h e  p r e s e n c e  o f  d i a b a t i c  and viscous processes and reduce a r t i f i -  
c i a l  jumps i n  mass-momentum s t r u c t u r e  a s  i s e n t r o p i c  g r i d  p o i n t s  emerge  and 
submerge t h r o u g h   t h e - 7 n t e r f a c e .   I n   o r d e r   t o ' r u n  on the  Marshal l   Univac  1110 
c o m p u t e r  a n d  i n c r e a s e  t h e  h o r i z o n t a l  r e s o l u t i o n ,  t h e  e f f o r t  t o  a l l o w  d o u b l i n g  
a n d  q u a d r u p l i n g  t h e  h o r i z o n t a l  r e s o l u t i o n  o f  275 km has r e q u i r e d  e x t e n s i v e  
reprogramming o f  t h e  model. The i n t e g r a t i o n  f o r  each t ime s tep  proceeds 
th rough  compu ta t i ons  by  success i ve  ve r t i ca l -mer id iona l  s labs  i ns tead  o f  by  
success i ve   ho r i zon ta l   l aye rs .  
I n  c o n j u n c t i o n  w i t h  t h e  d e v e l o p m e n t  o f  t h e  p l a n e t a r y  b o u n d a r y  l a y e r  o f  
t h e  h y b r i d  i s e n t r o p i c - s i g m a  c o o r d i n a t e  model, a g e n e r a l i z a t i o n  o f  t h e  Ekman 
s o l u t i o n  i s  used t o  s t u d y  t h e  r o l e  o f  v e r t i c a l  v a r i a t i o n  o f  t h e  a b s o l u t e  v o r -  
t i c i t y  on t h e  d e p t h  o f  t h e  p l a n e t a r y  b o u n d a r y  l a y e r .  The p r e l i m i n a r y  r e s u l t s  
i n d i c a t e  t h a t  t h e  p l a n e t a r y  b o u n d a r y  l a y e r  d e p t h  i s  g r e a t e r  t h a n  t h e  Ekman 
d e p t h  f o r  a l i n e a r  v a r i a t i o n  o f  v o r t i c i t y  w i t h  h e i g h t  where r e l a t i v e  v o r t i c i t y  
be ing  ze ro  a t  t he  ea r th ' s  su r face  dec reases  to  the  range  o f  va lues ,  
( - 0 . 6 f o < f < f o ) ,  a t  t h e  t o p  o f  t h e  Ekman laye r .   Ou ts ide   t h i s   range   o f   va lues ,  
t h e  d e p t h  o f  t h e  b o u n d a r y  l a y e r  i s  l e s s  t h a n  t h e  Ekman s o l u t i o n .  The r e s u l t s  
s u g g e s t  t h a t  a n t i c y c l o n i c  m o t i o n  i n  t h e  l o w  t r o p o s p h e r e  n e a r  and  ahead o f  t h e  
a p p r o a c h i n g  s q u a l l  l i n e  l e a d s  t o  a deeper  planetary  boundary  layer  and  helps 
t o  e x p l a i n  how planetary boundary layer convergence becomes coup led  w i th  deep 
convect ion.  
Twice  dur ing  the  A V E - I V  exper iment ,  the winds i n  t h e  t w o  j e t  c o r e s  
increased by some 10-20 m/s over  a p e r i o d  o f  6-12 hours as the j e t  cores moved 
ac ross   t he  AVE- IV region.  Associated  wi th  these  events  were  intense  mesoscale 
convective complexes which developed i n  t h e  r i g h t  r e a r  f l a n k  o f  t h e  j e t  c o r e s  
p r i o r  t J  a c c e l e r a t i o n  i n  b o t h  c a s e s ;  r e s u l t s  n o t e d  p r e v i o u s l y .  by severa l  
i n v e s t i g a t o r s .  
The t o t a l  a g e o s t r o p h i c  w i n d  e x p r e s s e d  i n  i s e n t r o p i c  c o o r d i n a t e s  f o r  f r i c -  
t i o n l e s s  m o t i o n  i s :  
A B C 
The r e s u l t s  f r o m  t h e  l a r g e  s c a l e  s t u d y  have shown t h a t  t h e  i n e r t i a l  a d v e c t i v e  
component, te rm B, dominates a t  j e t  l e v e l  (330K) when l i t t l e  c o n v e c t i v e  
a c t i v i t y  i s  p r e s e n t .  Upon MCC development,  however, t h e  v e r t i c a l  i n e r t i a l  
term, C ,  and t h e  i s a l l o b a r i c  component o f  A become impor tan t  components o f  
ageostrophic  mot ion.  The r e s u l t s  show t h a t  t h e  mass c i r c u l a t i o n  o f  t h e  MCC 
l o c a t e d  i n  t h e  r i g h t  r e a r  f l a n k  o f  t h e  j e t  s t r e a k  i s  i n  t h e  same sense  as t h e  
d i r e c t  c i r c u l a t i o n  o f  t h e  j e t  s t r e a k .  The n e t  i s a l l o b a r i c  m o t i o n  t h a t  i s  
l i n k e d  w i t h  d i f f e r e n t i a l  h e a t i n g  exceeds 8 m/s a t  t h e  j e t  s t r e a m  l e v e l  w h i l e  
t h e  i n e r t i a l  d i a b a t i c  component a s s o c i a t e d  w i t h  C ranges  from  5-10 m/s b o t h  o f  
w h i c h  a r e  d i r e c t e d  i n  t h e  c o n v e c t i v e  p o r t i o n  o f  t h e  e n t r a n c e  r e g i o n  t o w a r d s  
l ower  p ressu re .  Th rough  the  d iaba t i ca l l y  f o rced  ageos t roph ic  mo t ion ,  t he  mass 
c i r c u l a t i o n  i n  t h e  MCC r e g i o n  i s  i n t e n s i f i e d ,  k i n e t i c  e n e r g y  i s  g e n e r a t e d  b y  
f low towards  lower  p ressure  and the  momentum o f  t h e  j e t  c o r e  i s  increased. 
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As expected, a comparison between complete and semi-geostrophic forms for 
a g e o s t r o p h i c  m o t i o n  e m p h a s i z e s  t h a t  w i t h i n  t h e  l i f e t i m e  o f  t h e  MCC t h e  
accuracy  o f  semi -geos t roph ic  concepts  i n  d e s c r i b i n g  t h e  s t r u c t u r e  o f  atmos- 
p h e r i c  m o t i o n  i s  l i m i t e d .  The d i f f e rences   be tween   es t ima tes   o f   t o ta l   and  
semi -geos t roph ic  ageos t roph ic  w inds  as  la rge  as  20 m/s w e r e  m a i n l y  l i n k e d  t o  
d i f f e r e n c e s  between i n e r t i a l  a d v e c t i v e  components o f  ageos t roph ic  mot ion .  
Cur ren t  Focus o f  Research Work: 
The c u r r e n t  f o c i  a r e  t h e  c o m p l e t i o n  o f  d e v e l o p m e n t  o f  t h e  h y b r i d  
i sen t rop i c -s igma coord ina te  model t o  i n c l u d e  v i s c o u s  and d iaba t i c  p rocesses ,  
c o n t i n u a t i o n  o f  mass-momentum ad jus tmen t  exper imen ts  o f  j e t  s t reaks  and  com- 
p l e t i o n  o f  t h e  AVE-IV case  study. I n  t h e s e  e f f o r t s ,  t h e  i m p o r t a n c e  o f  t h e  
components o f  ageos t roph ic  mo t ion  assoc ia ted  w i th  va r ious  phys i ca l  p rocesses  
tha t  fo rce  the  deve lopment  o f  severe  s to rms are  be ing  compared. 
P l a n s  f o r  FY-82: 
The p r i n c i p l e  work d u r i n g  FY-82 wil be t o  complete a s e r i e s  o f  n u m e r i c a l  
e x p e r i m e n t s  f o r  t h e  s t u d y  o f  s u b s y n o p t i c  s c a l e  a g e o s t r o p h i c  c i r c u l a t i o n s  o f  
p r o p a g a t i n g  j e t  s t r e a k s  and severe weather and the c.ompletion of model 
development.   This  ser ies  of   exper iments wil be c a r r i e d  o u t  t o  d e t e r m i n e  t h e  
e f f e c t  o f  d i a b a t i c  and v iscous  processes  th rough examin ing  the  ro le  o f  var ious  
modes ( a d i a b a t i c ,  d i a b a t i c ,  v i s c o u s ,  t r a n s i e n t )  o f  a g e o s t r o p h i c  m o t i o n  i n  
mass-momentum adjustment. 
Recommendations f o r  New Research: 
The s t r u c t u r e  and e v o l u t i o n  o f  ageos t roph ic  mot ion  assoc ia ted  w i th  
mesoscale mass-momentum a d j u s t m e n t ,  p r e c i p i t a t i o n  and severe weather events 
should be assessed through convent ional  and sate l l i te  observat ions and through 
numer i ca l   s imu la t i ons   i n   o rde r   t o   improve   mesosca le   p red ic t i on .  The e f f o r t  t o  
a s s i m i l a t e  VAS s a t e l l i t e  and convent iona l  da ta  in  mesosca le  weather  p red ic t ion  
i s  e x c e e d i n g l y  d i f f i c u l t .  P a r t i c u l a r  emphasis  should  be  devoted t o  t h e  a n a l y -  
s i s  o f  t h e  b a l a n c e  o f  t h e  mass-momentum s t r u c t u r e  i n  i n i t i a l i z a t i o n ,  a g e o s t r o -  
ph ic  mot ions  and t h e  d i s t r i b u t i o n  o f  w a t e r  v a p o r  a s s o c i a t e d  w i t h  m e s o s c a l e  
p r e c i p i t a t i o n  e v e n t s .  
L i s t  o f  P u b l i c a t i o n s  P r e p a r e d  s i n c e  J u n e  1980: 
Johnson, D. R. and L. W. U c c e l l i n i ,  1981: A comparison o f  methods f o r  comput- 
i n g  t h e  sigma coord ina te  p ressu re  g rad ien t  f o rce  f o r  f low over  s loped 
te r ra in .   (manusc r ip t )  
Keyser, D. A . ,  1981: E f f e c t s  o f  d i a b a t i c   h e a t i n g   o n   t h e   a g e o s t r o p h i c   c i r c u l a -  
t i o n  o f  an u p p e r   t r o p o s p h e r i c   j e t   s t r e a k .  (M.S. t h e s i s )  
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TITLE: AVE-SESAME DATA 
RESEARCH INVESTIGATORS: "
PROCESSING 
Dr.   Robert  E. Turner  
M r .  Char les K.  Hil 
ES84 
NASAIMSFC 
H u n t s v i l l e ,  Alabama  35812 
(205) 453-4175 o r  453-2570 
SIGNIFICANT ACCOMPLISHMENTS  FY 81: 
NASA's Marsha l l  Space F l i g h t  C e n t e r  (MSFC) p a r t i c i p a t e d  i n  a l a r g e  i n t e r -  
agency mesoscale and severe storms exper iment ident i f ied as AVE-SESAME '79 
(A tmospher ic  Var iab i l  i t y  Experiment - Severe Environmental Storms and 
Mesoscale  Experiment  1979). A p r i m a r y  o b j e c t i v e  o f  NASA i s  t o  a c q u i r e  
c a r e f u l l y  e d i t e d  s e t s  o f  r a w i n s o n d e  d a t a  d u r i n g  s e l e c t e d  s e v e r e  w e a t h e r  
e v e n t s  f o r  u s e  i n  c o r r e l a t i v e  and d i a g n o s t i c  s t u d i e s  w i t h  s a t e l l i t e  and 
r a d a r  d a t a  o b t a i n e d  d u r i n g  t h e  same per iods .  
AVE-SESAME '79  data  acquired  on  Apr i l   10-11,  19-20,  25-26,  and May 9-10, 
20-21,  and  June  7-8,  1979,  has  been e d i t e d  and  processed.  These  data  are 
f rom approx imate ly  20 supplemental and 23 s t a n d a r d  r a w i n  s i t e s .  
CURRENT  FOCUS  OF RESEARCH WORK: 
The major  focus  fo r  the  coming months  wil be t o  use these unique data sets 
f o r  mesoscale research t o  d e t e r m i n e  t h e  v a l u e  o f  s a t e l l i t e  s e n s o r s  f o r  
d e t e c t i o n  o f  mesoscale  systems. Tapes  and h a r d  c o p i e s  f o r  e a c h  o f  t h e s e  
cases  a re  ava i l ab le  upon  reques t  t o  D i rec to r ,  Space Sciences Laboratory,  
MSFC , A1 abama 3581 2. 
." PLANS  FOR FY 82: 
Study o f  t h e  AVE-SESAME cases i n  c o n j u n c t i o n  w i t h  s a t e l l i t e  d a t a  f o r  a b e t t e r  
understanding o f  mesoscale weather phenomena and t h e i r  i n t e r a c t i o n s  w i t h  
l a r g e r  s c a l e s .  
-~ RECOMMENDATIONS  FOR  FOLLOW-ON RESEARCH: 
Research on the AVE-SESAME exper iments  da ta  needs to  be  ex tended fa r  beyond 
i t s  p r e s e n t  l e v e l .  The present  research  i s  a good s t a r t  b u t  by no means 
comprehensive. 
PUBLICATIONS: 
AVE-SESAME 11: 25-mb Sounding  Data, NASA TM 78281, June  1980 
A P r e l i m i n a r y  Look a t  AVE-SESAME I 1  Conducted  19-20  Apri l   1979 NASA TM 78280, 
June  1980. 
"""- 
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AVE-SESAME 111: 25 mb Sounding  Data, NASA TM 78283, June 1980. 
A Prel iminary Look a t  AVE-SESAME I11 Conducted  25-26 A p r i l  1979 NASA TM 
78282 , June 1980 
AVE-SESAME 1V: 25 mb Sounding  Data, NASA TM 78315, November 1980. 
A Prel iminary Look a t  AVE-SESAME IV Conducted 9-10 May 1979, NASA TM 
7831 4 , November 1980 
AVE-SESAME V: 25 mb Sounding Data ,  NASA TM 82417, May 1981 
A Prel iminary Look a t  AVE-SESAME V Conducted on 20-21 May 1979, NASA TM 
82416, May 1981 
AVE-SESAME VI: 25 mb Sounding  Data, NASA TM 82397, January  1981. 
A Prel iminary Look a t  AVE-SESAME VI Conducted 7-8 June 1979, NASA TM 
82398, January 1981 . 
NASA's AVE-SESAME '79 Rawinsonde Data, SESAME Data  Users Workshop, Boulder, 
Colorado, January 1981 . 
Proceedings of the SESAME 1979 Prel iminary Results Workshop, Hun tsv i l l e ,  
Alabama, March 1981 
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TITLE: AN APPLICATION OF VAS/TIROS SOUNDING INFORMATION TO DEFINE VERTICAL 
CIRCULATION I N  POTENTIAL STORM AREAS 
RESEARCH INVESTIGATOR:  James E. Arnold 
ES84 
Atmospheric Sciences Division 
Space Sciences Laboratory 
Marshal l  Space F l i gh t   Cen te r ,  AL 35812 
Telephone:  453-2570 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
Examination o f  t h e  c o n s t a n t  p r e s s u r e  h e i g h t  f i e l d s  i n  t h e  AVE-SESAME I 
storm case revealed that  a s e r i e s  o f  s h o r t  waves propagated through the storm 
r e g i o n  d u r i n g  t h e  p e r i o d  o f  maximum a c t i v i t y .  These waves cou ld  be fo l lowed 
i n  t h e  h e i g h t  change f i e l d  determined from the radiosonde information as we l l  
as  be i d e n t i f i e d  i n  the  cons tan t  p ressure  he igh t  f ie lds  de termined f rom the  
TIROS N sounder.  Since  convective  storms  can be assoc ia ted  w i th  the  l a rge r  
s c a l e  v e r t i c a l  m o t i o n  f i e l d  imposed by the shor t  waves, a technique which would 
a l l o w  t h e  i d e n t i f i c a t i o n  o f  t h e  s h o r t  waves and the  assoc ia ted  mo t ion  f i e ld  
f r o m  s a t e l l i t e  measurements should be o f  some value i n  storm diagnost ics and 
s torm forecast ing.  
He igh t  f i e lds  a t  cons tan t  p ressu re  l eve l s  a re  cu r ren t l y  deve loped  f rom TIROS 
and VAS sounder in.formation and a re  p r ime  cand ida tes  fo r  cons ide ra t i on  i n  
the  assessment o f  a p o t e n t i a l  s t o r m  s i t u a t i o n .  I n  t h e  c a s e  o f  VAS sensor, 
h e i g h t  f i e l d s  can p o t e n t i a l l y  be determined on an h o u r l y  o r  t h r e e  h o u r l y  
basis.  From such h e i g h t  f i e l d s ,  s h o r t  wave propagation  can be fo l lowed and 
used to  de f ine  severe  weather  s i tua t ions .  
Use o f  radiosonde data acquired dur ing AVE-SESAME I i n d i c a t e s  t h a t  t h e  s h o r t  
wave systems cou ld  be f o l l o w e d  i n  t h e  h e i g h t  change f i e l d  and t h a t  t h e  waves 
assoc ia ted  w i th  the  he igh t  changes cou ld  a lso  be corre la ted wi th  the outbreaks 
o f  c o n v e c t i v e  a c t i v i t y .  A v e r t i c a l  m o t i o n  f i e l d  o v e r  t h e  s t o r m  a r e a  was 
developed f rom the isa l lobar ic  component o f  the  ageost roph ic  w ind .  Th is  mot ion  
f i e l d  agreed wel l  wi th the vert ical  mot ion determined from the observed winds 
over  the  area. From comparisons made on a s ingle case, i t  seems t h a t  t h e  
v e r t i c a l  m o t i o n  f i e l d  i n  a region can be def ined f rom the height  change f i e l d  
on a se r ies  o f  cons tan t  p ressu re  cha r t s .  S im i la r  ve r t i ca l  mo t ion  f i e lds  shou ld  
be a b l e  t o  be d e v e l o p e d  u s i n g  s a t e l l i t e  d e r i v e d  h e i g h t  f i e l d s  and the associated 
change f i e l d s  . 
CURRENT FOCUS: 
Emphasis i s  c u r r e n t l y  b e i n g  p l a c e d  on r e l a t i n g  u p p e r  l e v e l  p e r t u r b a t i o n s  t o  
sur face phenomena and t h e  l i f e  c y c l e  o f  i n d i v i d u a l  s t o r m  complexes. The TIROS-N 
soundings have  been placed i n  an AVE-VAS format and  an examination o f  t h e  t h r e e  
d imens iona l  s t ruc tu re  o f  t he  deve loped  geopo ten t ia l  he igh t  f i e lds  i s  be ing  
undertaken. 
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PLANS FOR FY 82: 
A c o n t i n u a t i o n  o f  t h e  s t u d y  t o  r e l a t e  s h o r t  wave fea tures  t o  severe weather 
based on the NE-SESAME data sets  i s  planned. The a b i l i t y  o f  t h e  TIROS-N type 
soundings t o  r e s o l v e  s h o r t  wave fea tures  wil be c a r r i e d  o u t  u s i n g  a d d i t i o n a l  
AVE-SESAME data  sets. The representa t iveness  o f  the  isa l lobar ic  component 
o f  the ageostrophic wind t o  determine a v e r t i c a l  m o t i o n  f i e l d  wil be  examined 
us ing other  AVE-SESAME data sets.  
RECOMMENDATIONS  FOR NEW RESEARCH: 
Time s e r i e s  o f  VAS der ived  he igh t  f ie lds  shou ld  be ob ta ined  co inc iden t  w i th  an 
AVE-type rawinsonde  program. Such a program would enable the ver i f icat i .on of  
t h e  a b i l i t y  o f  t h e  VAS sounding technique and d e r i v e d  h e i g h t  f i e l d s  t o  r e s o l v e  
mesoscale o r  s h o r t  waves i n  a s to rm ac t ive  reg ion .  
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TITLE: A SATELLITE RADIANCE VARIABILITY EXPERIMENT 
RESEARCH  INVESTIGATOR: James E, Arnold 
ES84 
Atmospheric  Sciences  Division 
Space  Sciences  Laboratory 
Marshall  Space F1 ight Center, AL 3581 2 
Telephone: 453-2570 
SIGNIFICANT . . "  ACCOMPLISHMENTS FY81: 
Retrieval of temperature/moisture  profiles  with  TIROS/VAS  Sounder  techniques 
results in radiance/temperature  values  which  are a vertical  and  horizontal 
weighted  value,  depending  on  the  vertical  weighting  profile  for  individual 
channels  and  the  response  within  the  field of  view  for  the  detector. In reality, 
each  assigned  value of temperature  is a vertical  and  horizontal  integration 
of actual  atmospheric  conditions  within  the  scan  volume.  Representativeness 
of the  assigned  temperature  then  becomes  dependent  upon  the  local  atmospheric 
variability in the  horizontal and vertical  within  the  scan  volume. 
In order  to  evaluate  the  representativeness of assigned  temperature  values in 
the  sounding  retrieval  techniques, a limited  field  program in which  the 
volumetric  variability  within  the  scan  volume of the  sounder  can  be  measured, 
has  been  developed.  The  goal  is  to  measure  the  three  dimensional  temperature 
and moisture  structure  within  the  scan  volume at the  same  time  that  satellite 
radiance  measurements  are  being  obtained.  This  "ground  truth"  will  be  used  to 
compare  radiance  values and assigned  temperatures  with  observed  conditions. 
The  measurement  program  will : 
1 )  Evaluate  the  horizontal and vertical  variability  on  the  scale of 
the  scan  volume  utilizing  special  network  data. 
2 )  Provide  radiosonde  measurements  coincident  with  the  time a sounding 
sample  is  obtained.  Tentative  plans  are  to  have  the  sounding  balloon at 500 mb 
at  the  time  the  sounding  is  obtained. 
Radiance  contributions  for individual layers  will  be  established  based  on 
radiosonde  measurements  and  estimates  of  radiance  variability  based  on 
temperature/moisture  variability  within  the  scan  volume.  These  estimates 
will  be  compared  with  derived  measurements  made  from  TIROS and VAS  sounders. 
CURRENT  FOCUS  OF  RESEARCH: 
Current  research  efforts  are  centered  on  the  testing  of  measurement  techniques 
and  retrieval  techniques  as  applied  to  the  comparison  program.  AVE-SESAME  data 
i s  being  used  to  provide  preliminary  evaluations of  the  temporal  and  spatial 
variability of atmospheric  parameters  on  scales  approaching  those  desired n the 
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r ad iance  va r iab i l i t y  exper imen t .  
PLANS'FOR FY'82: 
The SRVE wil be implemented as p a r t  o f  t h e  1982 AVE/VAS Ground T r u t h  
Exper iment.  Addi t ional  evaluat ion wil take  p lace  a t  t he  Marsha l  1 Space 
F l ight  Center  wi th  a denser  RAOB network than i n  t h e  AVE/VAS experiment. 
I n i t i a l  a n a l y s i s  o f  t h e  d a t a  wil be imp lemented dur ing  th is  f i sca l  year .  
RECOMMENDATIONS FOR NEW RESEARCH: 
Four dimensional v a r i a b i l i t y  measurements  on the scale of the sensor scan 
volume should be carr ied outrand used as a  bas i s  fo r  de f i n ing  the  measurement 
c a p a b i l i t y  o f  such sensors a t  t h e  meso ~1 and meso B scales and f o r  f u t u r e  
sensor evaluation, 
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TITLE: 1982 GROUND TRUTH FIELD  EXPERIMENT 
ES84 
NASA/MSFC 
Huntsville, Alabama  35812 
(205) 453-41 75 
SIGNIFICANT  ACCOMPLISHMENTS FY 81: 
NASA's Marshall Space Flight Center (MSFC) will participate i n  and 
manage a large mesoscale and severe storms experiment identified 
herein as the AVE/VAS Ground T r u t h  Field Experiment. A special 
meso-a  and meso-B network has been planned that will allow horizontal 
and vertical observations of temperature, moisture, and  winds on a 
scale comparable with VAS. The network will operate for three 
24-hour special observing periods t a k i n g  soundings every three hours. 
The three observing periods are planned for  March-May of 1982 and will 
include a t  l ea s t  one period of re la t ively clear ,  calm weather and  two 
periods of severe storm and other precipitation events. 
The present Rawin System i s  being reworked to insure m i n i m u m  problems 
in the Field Experiment. 
CURRENT FOCUS OF RESEARCH WORK: 
The major focus f o r t h e  coming  months will be to continue to keep abreast 
of GOES, D ,  and E ,  and F schedules. To continue refurbishing the Rawin 
Systems. To publish a description and operation  plan. 
PLANS FOR FY 82:  
To manage and participate in the FY 82 experiment. 
RECOMMENDATIONS FOR FOLLOW-ON RESEARCH: 
Develop retrieval techniques which are optimized for local geostationary 
sounding applications. Determine the  vertical and horizontal  resolution 
of VAS soundings.  Assimilate comprehensive meteorological and simulated 
radiance d a t a  for selected case studies so t h a t  they will be available 
for severe storms research. Determine the retr ievabi l i ty  of meteorological 
parameters based upon the combination of VAS data,  ancil lary data,  and 
physical principles. Determine the  accuracy  of the VAS temperature and 
moistuer profiles (derived from VAS and anci l lary data)  re la t ive to  both 
special networks and existing d a t a  sources. Determine the impact of VAS 
data upon analyses o f  severe weather s i tuat ions through extensive diagnostic 
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meteorological  analyses.  Assessing  and  developing  temperature and 
moisture sounding-retr ieval  techniques which maximize informat ion 
conten t  re levant  to  impor tan t  a tmospher ic ,  thermodynamic, and dynamic 
processes.  Developing  assimi lat ion  techniques and o b j e c t i v e   a n a l y s i s  
schemes w h i c h  e f f e c t i v e l y  combine data from various sources and minimize 
data redundancy while meeting basic dynamic cons t ra in t s  i n  nowcasting/ 
mesoscale forecasting systems. 
PUBLICATIONS: 
1981 AVE/VAS GROUND TRUTH FIELD EXPERIMENT DESCRIPTION AND OPERATIONS 
PLAN 
VAS DEMONSTRATION:  NASA/MSFC's PARTICIPATION I N  VAS DEMONSTRATION 
LAUNCH R E A D I N E X  REVIEW, GSFC, August  1980. 
VAS SPECIAL  MESOSCALE NETWORK, VAS WORKSHOP, GSFC, December 1980. 
122 
I 
" TITLE:  COOPERATIVE - CONVECTIVE - PRECIPITATION - EXPERIMENT  (CCOPE) 
0 , 
RESEARCH  INVESTIGATORS: Dr. Robert E .  Turner 
ES84 
NASA/MSFC 
Huntsville, Alabama 35812 
(205) 453-41 75 
SIGNIFICANT  ACCOMPLISHMENTS FY 81: 
NASA's Marshall  Space  Flight  Center  (MSFC)  participated  with its  Rawin 
Systems in a  large  inter-agency  mesoscale  and  storms  experiment  during 
the  summer  of 1981 in Montana  (May  11-August 7). A primary  objective  of 
NASA  is to  support  an  effort  to  acquire  mesoscale  rawinsonde data during 
selected  weather  events  to  identify,  describe  and  understand  the  most 
important  aspects  of  many  scale  interaction  events;  hydrometer  evolution, 
precipitation  efficiency,  origins of ice, entrainment,  storm  structure 
and the  environment, storm initiation,  atmospheric  chemistry, and storm 
electrification. 
CURRENT  FOCUS  OF  RESEARCH  WORK: 
The  major  focus  for  the  coming  months will be to  continue  to  keep  abreast 
of  CCOPE  data  processing and schedules.  To  identify  scientific  studies 
that  can be conducted involving mesoscale  as well as  synoptic  scale phenomena. 
PLANS FOR FY 82: 
Coordination  with NCAR  and WPRS and assistance  when  necessary, in the 
data processing  and  analysis. 
RECOMMENDATIONS FOR FOLLOW-ON  RESEARCH: 
Use  satellite  cloud  cover  climatology  to  improve and provide  a physical 
explanation  for  the  observed  severe storm climatology. 
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TITLE: COOPERATIVE  CONVECTIVE PRECIPITATION EXPERIMENT (VAS/CCOPE) 
RESEARCH INVESTIGATORS: D ~ .  Robert E. T~~~~~ 
ES84 
NASA/MS FC 
H u n t s v i l l e ,  Alabama 35812 
(205) 453-41 75 
SIGNIFICANT ACCOMPLISHMENTS FY 81: 
NASA's Marshal l  Space F l i gh t  Cen te r  (MSFC) p a r t i c i p a t e d  i n  a l a r g e  i n t e r -  
agency mesoscale and storm experiment during the summer o f  1981 i n  
Montana. A p r i m a r y  o b j e c t i v e  o f  NASA i s  t o  a c q u i r e  VAS soundings  on 
scheduled days dur ing adverse weather events to ident i fy,  descr ibe,  
evaluate and understand the comparison o f  the  VAS soundings with ground 
based measurements. 
CURRENT FOCUS OF RESEARCH WORK: 
The ma jo r  f ocus  fo r  t he  coming months wil be t o  compare the  VAS soundings 
da ta  w i th  co r re la t i ve  g round  t ru th  measurements. 
PLANS FOR FY 82: 
Coord ina t i ng  w i th  NCAR, WPRS, U n i v e r s i t y  o f  Wisconsin, NOAA and GSFC 
and a s s i s t i n g  when necessary i n  the data processing and analysis.  
RECOMMENDATIONS FOR FOLLOW-ON RESEARCH: 
Assess the  impact   o f  VAS soundings a t  h i g h  l a t i t u d e .  Examine the  
p o s s i b i l i t y  o f  operat ional  use o f  data.  
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T i t l e :  The Impact of  Diabatic  Heating on the  Evolution 
of  Extratropical  Cyclones. 
Research Investigator  Involved:  Franklin R .  Robertson 
US RA 
ES83/MSFC, AL 35812 
Signif icant  Accomplishments FY-81: 
A diagnostic energetics analysis was used to  s tudy the effects  
of moisture-related heating on three numerically simulated cases 
of cyclone development. Both kinet ic  and available potential energy 
budgets  were par t i t ioned into zonal and eddy quant i t ies  i n  order  to  
focus more e f fec t ive ly  on cyclone-scale processes. Model forecasts  
used  were from moist and dry versions of the Drexel University 
Limited Area Mesoscale Prediction System (LAMPS). 
Analysis of the LAMPS forecasts  showed tha t  baroc l in ic  pro- 
cesses were noticeably enhanced by both s t a b l e  and convective 
la ten t  hea t  re lease .  Conversion of zonal available potential energy 
( A Z )  t o  eddy available potential energy ( A E )  and release of AE w i t h  
subsequent conversion t o  eddy kinetic energy( K E )  were strengthened 
considerably.  In  addi t ion,  vir tual ly  a l l  of  the A E  re lease  due t o  
moist processes was realized as K E .  Resulting KE contents were 
consistently higher i n  the moist  forecasts.  
also studied. Increased generation of KE i n  the moist forecasts 
resul ted i n  strengthening o f  upper level flow north(on the cold 
a i r  s i d e )  of precipitation regions as well as increased low level 
(600-700 mb) flow on the warm side of precipitation regions.  
These responses to diabatic heating, which were absent i n  the dry 
forecasts, represent adjustment by the large-scale flow toward 
hydrostatic and geostrophic equilibrium. 
Modification of j e t  stream structures by diabatic heating was 
Current  Focus: 
Present work is  directed toward a review o f  diagnostic moist- 
ure parameterization schemes which would al.low comparisons of 
model-derived energetics with verifying d a t a .  
Plans for FY-82: 
The immediate objective i s  development  of a diagnostic para- 
meterization scheme which i s  general enough t o  t r e a t  ensemble 
convection as being responsive both to  la rge-sca le  and  
mesoscale forcing. This effor t  wil l  involve use of  satel l i te-  
derived information on cloud f ie ld  proper t ies .  
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TITLE: MEDIUM-RANGE THUNDERSTORM  FORECASTS  FROM  THE LIMITED AREA FINE MESH 
MODEL 
RESEARCH INVESTIGATOR: Gregory S. Wilson/ES84 
NASAIMSFC 
H u n t s v i l l e ,  AL 35812 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
Opera t iona l  tes t ing  a t  the  Nat iona l  Severe  Storms Forecast Center and o b j e c t i v e  
ve r i f i ca t i on  o f  t he  thunders to rm fo recas ts  f rom pas t  s to rm seasons  has improved 
the  performance and i n t e r p r e t a t i o n  o f  t h i s  f o r e c a s t  g u i d a n c e  p r o d u c t .  I n d i v i d u a l  
case-studies f rom the AVE/SESAME data  base  have  also been analyzed in-depth to  
assess the performance o f  t h e  LFM forecas ts  and thunders to rm p red ic t i ons  re la t i ve  
t o  d e t a i l e d  d i a g n o s t i c  c a l c u l a t i o n s  and v e r i f i c a t i o n  d a t a  a l r e a d y  a v a i l a b l e  f o r  
these  periods.  This  research  has  demonstrated  that  medium-range  thunderstorm 
f o r e c a s t  g u i d a n c e  f r o m  t h i s  t e c h n i q u e  i s  a needed  and va luable product .  
CURRENT FOCUS OF RESEARCH WORK: 
NSSFC would l i k e  t o  i n c o r p o r a t e  t h e s e  f o r e c a s t  p r o d u c t s  i n t o  t h e i r  McIDAS/CSIS 
computer  network f o r  e a s i e r  d i s p l a y  and i n t e r p r e t a t i o n .  The computer  code has 
been t r a n s f e r r e d  from MSFC to  the  Un ive rs i t y  o f  W iscons in  so t h a t  i t  can be 
executed on demand f rom the NSSFC and MSFC McIDAS te rmina ls  th rough a remote 
j o b  e n t r y  t o  NMC's 360/195's,   Final   predict ions  would  then be t r a n s f e r r e d  t o  t h e  
i n d i v i d u a l  McIDAS te rm ina ls  fo r  co lo r  g raph ics  d i sp lay ,  con tou r ing ,  and animation. 
PLANS  FOR FY82: 
Real - t ime execut ion of  these predic t ions through the McIDAS network wil be 
completed.  Comnunications  between NSSFC and MSFC v i a  t h e  McIDAS network wil 
a l l o w  NASA s c i e n t i s t s  t o  work more c losely  wi th  severe weather  forecasters  
r e l a t i v e   t o   t h i s   f o r e c a s t   g u i d a n c e   p r o d u c t .  Changes wil be i n c o r p o r a t e d  i n  
order  to  improve  the  product  based upon o b j e c t i v e  v e r i f i c a t i o n  and r e a l - t i m e  
t e s t i n g  a t  MSFC and NSSFC. 
RECOMMENDATIONS FOR NEW RESEARCH: 
I n c o r p o r a t i o n  o f  t h i s  p r o d u c t  as a regu la r  pa r t  o f  t he  C S I S  system i s  recommended. 
Also,  improvements i n  the  numer i ca l  model p r e d i c t i o n s  e i t h e r  f r o m  b e t t e r  
i n i t i a l i z a t i o n  u s i n g  s a t e l l i t e  d a t a  a n d / o r  f r o m  new mesoscale models wil 
d i r e c t l y  improve the performance o f  th is  longer - range thunders to rm fo recas t  
system. 
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" TITLE: MESOSCALE " AND SEVERE - STORMS (MASS) COMPUTER SYSTEM DEVELOPMENT 
RESEARCH INVESTIGATORS: John S. Hickey 
AC I 
Huntsv i l l e ,  Alabama 35801 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
An in te rac t ive  hardware /so f tware  compute,r system has been designed and p a r t i a l l y  
implemented t o  a l l o w  a t m o s p h e r i c  s c i e n t i s t s  t o  g r a p h i c a l l y  d i s p l a y  and analyze 
l a r g e  volumns o f  c o n v e n t i o n a l  and sa te l l  i te -der ived  meteoro log ica l  da ta .  Data-  
base-management sof tware was developed and tes ted  so t h a t  a l l  AVE-type experiment 
da ta  a re  d isk - res ident  and e a s i l y  a v a i l a b l e  t o  t h e  g e n e r a l - p u r p o s e  p l o t t i n g  and 
ana lys is  so f tware .  
"" CUURENT FOCUS OF RESEARCH WORK: 
A t  p resent ,  the  so f tware  conf igura t ion  has  been modi f ied to  a l low genera l -purpose 
p l o t t i n g  and data-base-management o f  many case-study periods and var ious meteorolog- 
i ca l  da ta  t ypes .  Work i s  n e a r l y  complete on s o f t w a r e  t o  p l o t  and analyze a l l  
types o f  " s o u n d i n g "  o r  " v e r t i c a l  p r o f i l e  d a t a "  ( i  .e. , AVE o r  VAS o r  TIROS/NOAA 
soundings) and f o r  comparing these data sets 
PLANS FOR FY82: 
Software and hardware modif icat ions wil be 
." 
imp1 emen t e d   t o  : 
1)  inc rease the  d isk - res ident  da ta  base t o  150  mbytes. 
2 )  p rov ide  fo r  co lo r  g raph ics  and imaging. 
3)  a l l ow  p rocess ing  o f  7 basic meteorological  data types ( i  .e. , surface, 
image , g r i d - p o i n t  , e t c .  ) . 
RECOMMENDATIONS FOR NEW RESEARCH: 
A c e n t r a l  p r o c e s s i n g  u n i t  (CPU) has become a v a i l a b l e  f o r  o u r  system t h a t  would 
a l low in te rac t ive  image-process ing  and numer ica l  weather  research re la ted to  the 
use o f  s a t e l l i t e  imagery and soundings. We recommend t h a t  t h i s  hardware be added 
t o  t h i s  c u r r e n t  system t o  b r i n g  s t a t e - o f - t h e - a r t  r e s e a r c h  c a p a b i l i t y  t o  t h e  MSFC's 
Mesoscale and Severe Storms Program f o r  t h o s e  t a s k s  r e q u i r i n g  CPU-bound computer 
processing  requirements.  
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TITLE: METEOROLOGICAL APPLICATIONS 
RESEARCH  INVESTIGATORS:  Gregory S. 
William W. 
OF SPACE  PLATFORMS 
Wil son/ES84 
Vaughan/ES81 
NASA/MSFC 
Huntsvi 11 e, AL 3581 2 
SIGNIFICANT  ACCOMPLISHMENTS  FY81: 
Earth-viewing  instrumentation,  determined as possible  payloads for the  Science 
and Application  Space  Platform by OSTA, has  been  researched to assess  those 
payload accomnodations/instrument characteristics  that would  be design  drivers 
for  the  final SASP design. This information  has  been  used  to  establish  two  basic 
SASP design  concepts  from  which  the final SASP configuration will be chosen. 
CURRENT  FOCUS OF RESEARCH  WORK: 
Examining  the space platform concept to assess its applicability t o  meteorological 
payload opportunities in  both  operational  and  research  environments. 
PLANS  FOR  FY82 : 
Existing  and  new  meteorological  payloads  with  both research and  operational 
applications will  be assessed  from a platform  standpoint. 
RECOMMENDATIONS FOR NEW  RESEARCH: 
Establish  preliminary  design  studies o f  instrument  complements for meteorological 
applications  based  upon  space  platform  capabilities  and  scientific  needs.  Focus- 
ing on  precipitation  measurements  from space, from  either  passive or active 
sensors, would  provide  a  start  toward  remotely  measuring  this  important  mesoscale 
process. 
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TITLE:. APPLICATION OF  THE  MSFC  DOPPLER LIDAR TO RESEARCH ON MESOSCALE 
ATMOSPHERIC PHENOMENA 
"" RESEARCH INVESTIGATOR: G. D. E m m i t t  
ES84 
NASA/MSFC 
Hun tsv i l l e ,  AL 35812 
SIGNIFICANT ACCOMPLISHMENTS FY81: 
A t  t h e  U n i v e r s i t y  o f  V i r g i n i a ,  AVE/SESAME data have  been used t o  s t u d y  
the  noc turna l  je tand s to rm boundary  layer  ou t f lows.  S ince  jo in ing  the  MSFC 
i n  J u l y  '81, I have p a r t i c i p a t e d  i n  t h e  a i r b o r n e  measurement program f o r  t h e  
Doppler Lidar (CCOPE-Montana) , proposed several ground-based studies that 
would a i d  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  d a t a  a c q u i r e d  d u r i n g  t h o s e  t e s t s ,  and 
begun the process o f  choosing a mesoscale model ( s )  t h a t  can serve our in-house 
research needs. 
CURRENT FOCUS OF RESEARCH: 
Research  on  severe  storms, i n  p a r t i c u l a r  t h e i r  i n i t i a t i o n ,  r e q u i r e s  measurements 
a t  t imes  when there  are  no clouds t o  be  sensed by s a t e l l i t e  o r  r a d a r .  The 
Doppler Lidar may be the inst rument  that  can reso lve  the  meso-ymass convergence 
f i e l d s  t h a t  precede  severe  storm  development.  Current  research i s  d i r e c t e d  
towards develop ing the L idar  in to  a viable mesoscale wind measuring system. 
PLANS FOR FY82: 
Th3re are two m a j o r  o b j e c t i v e s  f o r  FY82: 
1 ) Assay t h e   c a p a b i l i t i e s  , both  cur ren t  and pro jec ted  , o f   t h e   a i r b o r n e  
Doppler  Lidar  as a viable  mesoscale  research  tool.   This  would  include  the 
performance o f  seve ra l  ground-based studies and ana lys i s  o f  da ta  co l l ec ted  
dur ing  the  recent  a i rborne  tes ts .  
t he  use o f  remote sensors (sate1 1 i t e ,  a i r b o r n e  and ground-based) to  desc r ibe  
the c loud-free pre-storm environment.  
2 )  Acquire a mesoscale model t h a t  wil serve i n  a f e a s i b i l i t y  s t u d y  of 
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TITLE : Backscatter  Research  for  Remote  Measurement of 
Winds  from  Space 
INVESTIGATOR: William D. Jones 
Optics  Branch,  EC32 
Marshall  Space  Flight  Center, AL 35812 
(205)  453-3941 
(FTS)  872-3941 
SIGNIFICANT  FY-81  ACCOMPLISHMENTS: 
A  number  of  important  objectives  were  met  during  FY-81. 
a.  An  aerosol  committee  was  formed,  headed  by  Dr.  Theodore 
J.  Pepin  of  the  University  of  Wyoming.  The  role  of  the  aerosol 
committee  was  to  assess  the  existing  data  on  atmospheric  scattering 
at 10.6 pm.  The  consensus  of  the  committee was  that  few  measurements 
had  been  made at  this  wavelength;  that i was  inappropriate  to 
extrapolate  to  this  wavelength  from  measurements  made  in  the  visible 
portion  of  the  spectrum;  and  that  in  fact,  one  could  not  safely 
infer  levels  of  backscatter at 9.1  pm  (one of  the  possible  wavelengths 
mentioned  for  use  in  the  proposed  WINDSAT  system)  from  data  collected 
at 10.6 urn. 
b. An  instrument  to  measure  backscatter  at  the  single  wavelength 
of 10.6 urn was  designed  and  assembled  under  OAST  sponsorship.  The 
initial  calibration of the  instrument  for  volume  mode  operation  was 
accomplished,  and  techniques  for  characterizing  the  response  to  single 
aerosols  were  identified  and  necessary  preparations  were  started  to 
utilize  these  techniques.  Operation  of  the  instrument  aboard  the 
NASA/Ames  CV-990  aircraft  was  demonstrated  during  July 1981 (SSP 
flights  10-21).  Numerous  backscatter  profiles  were  obtained at 
several  locations  in  the  Continental U. S. 
c. In response  to  the  final  report  from  the  aerosol  committee, 
a FWQ for  the  conceptual  design of a  3-wavelength  backscatter 
measurement  system  was  released.  The  data  from  the  3-wavelength 
system  will  complement  the  data  from  the  DLS  instrument  and FSSP 
instrument.  Finally,  preparations  are  underway  to  participate  in 
the  autumn  JPL  radar  missions. 
FY-82 PLANS: 
During FY-82, the  conceptual  design  of  a  3-wavelength  system 
will be  completed  and  work  begun  on  the  instrument.  In  addition, 
data  will  be  collected  by  the  DLS  in  its  ground-based  configuration. 
The  data  will  consist  of  vertical  soundings  made at the  beginning 
and  end  of  each  operational  day. 
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RECOMMENDATIONS FOR NEW RESEARCH: 
A  search  should be undertaken to identify  alternate  means of 
collecting  data  which  could be used to  determine  backscatter profiles. 
These  methods  and  the  data  provided  would  constitute  a  valuable 
cross-check on the  data  collected by the  backscatter  instrument 
and  the DLS. If  the  techniques  require  only  ground-based,  simple 
apparatus  then  many  measurements  could be made,  thus  establishing 
the  required  data  base much  more rapidly. 
PUBLICATIONS: 
"Design  and  Calibration of a  Coherent  Lidar  for  Measurement of 
W. Jones, J. Bilbro, S. Johnson - MSFC 
C. DiMarzio - Raytheon  Company 
R. Lee - Lassen  Research 
L. Kennedy, H. Jeffries - Applied  Research, Inc. 
Atmospheric  Backscatter" 
"A Plan for the  Determination of Atmospheric  Effects  on  a 
(FY-8i efforts) 
J. Bilbro, W. Jones, R. Smith - MSFC 
Satellite-Borne  Doppler  Lidar for Global  Wind  Measurements" 
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Recommendations  for  New  Research 
A search  should  be  undertaken  to  identify  alternate  means of collecting  data  which 
could  be  used  to  determine  backscatter  profiles.  These  methods  and  the  data  pro- 
vided  would  constitute  an  valuable  cross-check  on  the  data  collected  by  the  back- 
scatter  instrument  and  the  DLS. If the  techniques  required  only  ground-based, 
simple  apparatus,  then  many  more  measurements  could  be  made,  thus  establishing  the 
required  data  base  much  more  rapidly. 
Publications:  "Design & Calibration  of  a  Coherent  Lidar  for  Measurement of 
Atmospheric  Backscatter". 
W. Jones, J. Bilbro, S. Johnson,  MSFC 
C.  DiMarzio,  Raytheon  Co. 
R. Lee,  Lassen  Research 
L.  Kennedy, H. Jeffries,  Applied  Research,  Inc. 
"A  Plan  For  The--Determination  of  Atmospheric  Effects  on  a  Satellite- 
Borne  Doppler  Lidar  For  Global  Wind  Measurements," (FY '81 Efforts). 
J.  Bilbro, W. Jones,  and R. Smith. 
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TITLE: AN EFFICIENT BETA  MEASUREMENT  STRATEGY 
RESEARCH INVESTIGATOR: David A. Bowdle 
U n i v e r s i t i e s  Space Research Associat ion (USRA) 
ES83/Atmospher ic Sciences Divis ion 
NASA/MSFC 
Huntsv i  11 e, A1 abama 3581 2 
(205) 453-5218 o r  FTS 872-5218 
SIGNIFICANT ACCOMPLISHMENTS  FY 81: 
An e f f i c i e n t  a i r b o r n e  s a m p l i n g  s t r a t e g y  has been developed f o r  t h e  d e t e r m i n a t i o n  
o f  t h e  g l o b a l  d i s t r i b u t i o n  o f  t h e  a e r o s o l  b a c k - s c a t t e r  c r o s s - s e c t i o n  
a t   i n f r a r e d   w a v e l e n g t h s   n e a r  10.6 pm i n  t h e  mid and  lower   ter rest r ia   \Beta)   a tmosphere.  
The advantage o f   t h i s  proposed sampl ing strategy i s  i t s  o p t i m i z a t i o n  o f  e x p e n s i v e  
a i r c r a f t  fl i g h t   t i m e .  
The proposed st ra tegy i s  based on the assumption that the atmosphere may be 
c o n s i d e r e d  t o  be  composed o f  a f e w  d i s c r e t e  boxes, each o f  wh ich  occup ies  a 
p a r t i c u l a r  volume o f  the atmosphere and i s  c h a r a c t e r i z e d  b y  a p a r t i c u l a r  mean 
va lue   and   s tandard   dev ia t i on   f o r   Be ta .  The  boxes are   p r imar i l y   phenomeno log ica l  
i n  n a t u r e ,  r a t h e r  t h a n  s p a t i a l ,  t e m p o r a l ,  o r  g e o g r a p h i c a l .  
A i r c r a f t  deployment i s  ar ranged so as t o  e n s u r e  a h i g h  p r o b a b i l i t y  o f  encounter ing 
the  desired  phenomenological   box.  I n  t h i s  case,  the  box o f  i n t e r e s t  i s  t h e  upper 
t r o p o s p h e r i c  box,  which i s  c h a r a c t e r i z e d  b y  t h e  l o w e s t  mean va lue o f  Beta. Enough 
measurements are obtained i n  t h i s  box t o  v e r i f y  t h a t  i t  i s  a s i n g l e  box  and n o t  a 
compos i te ,  as  we l l  as  to  de termine the  mean and  standard  deviat ion  of   Beta  and  the 
volume o f  t h e  box t o  t h e  d e s i r e d  l e v e l  o f  c o n f i d e n c e .  
The r e s u l t s  o f  a g loba l  Beta  measurement  program  based  on t h i s  t y p e  o f  sampling 
s t r a t e g y  a r e  e x p e c t e d  t o  be s u f f i c i e n t  t o  d e f i n e  t h e  power l e v e l  r e q u i r e d  f o r  
t h e  e f f e c t i v e  measurement o f  g l o b a l  w i n d s  u s i n g  a s a t e l l i t e - b a s e d  i n f r a r e d  l a s e r  
doppl   er   system. 
CURRENT FOCUS OF RESEARCH WORK: 
Natura l  a tmospher ic  t racers are being sought  which are eas i ly  measurable and 
a l s o  a r e  c h a r a c t e r i s t i c  o f  one o r  more of  the phenomenological  atmospher ic boxes. 
Tracer  measurements  would be e x p e c t e d  t o  i n c r e a s e  t h e  c o n f i d e n c e  l e v e l  i n  t h e  
measured  minimum mean v a l u e  o f  B e t a ,  t o  d e c r e a s e  t h e  s c a t t e r  i n  t h e  B e t a  
measurements,  and a l s o  t o  r e d u c e  t h e  m a g n i t u d e  o f  t h e  measurement  program. 
" PLANS FOR FY 82: 
Airborne  measurements o f  Beta  and o f  r e l a t e d  a e r o s o l  p a r a m e t e r s  wil be obta ined 
t h i s  f a l l  and  on l a t e r  f l i g h t s  a s  a v a i l a b l e .  The r e s u l t s  o f  these  measurements 
s h o u l d  s u f f i c e  t o  t e s t  t h e  "Box Hypothesis" and t o  d e f i n e  t h e  scope o f  t h e  sub- 
sequent  global  Beta  measurement  program. 
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RECOMMENDATIONS  FOR  NEW  RESEARCH: 
Global  measurements of Beta,  with  companion  measurements of aerosol  parameters 
and  atmospheric  tracers,  should  be  performed  using  the  strategy  outlined  above. 
Such a  measurement  program  would n o t  only  provide the basis for  engineering and 
management  decisions  on  the  proposed  satellite-based  wind  measurement  system, 
but  it  would also provide  valuable  information  to  the  scientific  comunity  on 
selected  parameters of the  global  background  aerosol. 
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TITLE: STRATOSPHERIC/TROPOSPHERIC AEROSOL MEASUREMENTS PROGRAM (STAMP) 
RESEARCH  INVESTIGATOR:  David A. Bowdle 
Universities  Space  Research  Association  (USRA) 
ES83/Atmospheric  Sciences  Division 
NASA/MS  FC 
Huntsville, Alabama 35812 
(205)  453-5218  or  FTS  872-521 8 
SIGNIFICANT  ACCOMPLISHMENTS  FY 81: 
Airborne  measurements of atmospheric  aerosol  particles  were  obtained  over  the 
western  continental  United  States  from  June 12 - July 31,  1981. Flight 
altitudes  covered  the  range  from  near  the  surface up to  the  lower  stratosphere. 
A variety of meteorological  conditions  were  encountered  including  the  convective 
boundary  layer,  the  clear  air  environment  of  large  convective  clouds, and the 
undisturbed  middle  atmosphere. 
The  aerosol  measurements  were  obtained  with  an  optical  particle  counter 
(PMS  FSSP-100,  or  Particle  Measuring  Systems  Forward  Scattering  Spectrometer 
Probe)  on  loan  from  NASA-Langl  ey  Research  Center,  This  device ~ is  apable 
measuring  in-situ  the  size and concentration  of  aerosol  particles  between 
0.5 and 45 urn diameter.  The  FSSP  was  mounted  on  the  wingtip  of a Convair 
990 jet  aircraft  based  at  Ames  Research  Center.  The  aerosol  measurements 
obtained in conjunction  with  the  PSFC  Doppler  Lidar  System  Severe  Storms 
Field  Program. 
"
of 
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CURRENT  FOCUS  OF  RESEARCH  WORK: 
The  data  which  wereobtained  during  the  summer  flight  program  arebeing  reduced 
and analyzed.  Data  validation  will  include a manufacturers  calibration  of  the 
FSSP  instrument. A report  is  being  prepared  describing  the  measurement  program 
and the  aerosol  size  distributions. 
PLANS  FOR FY 82: 
1.  Obtain  further  aerosol  measurements  with  the  Langley  FSSP  on  the  Ames 
990 aircraft  from  October 12 - November 20, 1981 in conjunction  with  the 
MSFC  Beta  Measurement  Program  as  well  as  on  other  available 990 flights. 
2.  Perform a laboratory  intercomparison  with  standard  reference  particles 
between  the  MSFC  Beta  System and the  FSSP  probe. 
3.  Attempt  to  correlate  airborne  aerosol  measurements  obtained  by  the  FSSP 
and the  Beta  probes  based  on  the  laboratory  intercomparisons. 
RECOMMENDATJSNS . .  FOR  NEW  RESEARCH : 
1. Equip the  Convair 990 aircraft  with a filter or impactor  device  to  collect 
aerosol  samples for morphological  and  chemical  analysis. 
2. Obtain  comprehensive  aerosol  information  using  the  FSSP and the  aerosol 
ColktOr in selected  seasonal  and  geographical  locations,  including  remote 
maritime  regions. 
- "" 
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TITLE : Airborne Doppler Lidar Project 
Research Investigator: J. W. Bilbro 
Optics  Branch,  EC32 
Marshall  Space  Flight  Center 
MSFC, AL 35812 
(205)  453-3941 
(FTS)  872-3941 
Significant FY '81 Accomplishments: 
1. Modification  of  the  Doppler  Lidar  System  was  completed  and  integrated  into 
the  Ames  Research  Center  CV-990. 
2. Calibration  of  the  instrument on board  the  CV-990  was  accomplished. 
3. Eighty  one  hours  were  flown  aboard  the  CV-990  in  support  of  instrument 
checkout  and  scientific  investigations. 
4. The  Doppler  Lidar  was  removed  from  the  CV-990,  installed  in  its  trailer  and 
returned  to  MSFC  to  ptepare  €or  ground  based  testing. 
Current  Focus  of  Research  Work: 
Effort  is  presently  being  expended on the  analysis of data  collected  in  order 
to  determine  system  accuracy  and  efficiency. 
Plans  for FY '82: 
1. The  Doppler  Lidar  will  be  operated  as  a  ground  based  system. 
2. Refurbishment  of  some  of  the  system electronics'will  be performed. 
3. Detailed  planning  for  the FY '82 flight  series  will  be  done. 
4. A second  series  of  flight  tests will be  performed. 
Recommendations  For  New  Research: 
Investigations  into  isotopic  C02  wavelengths  should  be  pressed  in  order  to  improve 
range  capability. 
Publicaeions:  Fichtl,  George H.; Bilbro,  James W.; Kaufman,  John W. 
"MSFC  Doppler  Lidar  Science  Experiments  and  Operations  And 
Operations  Plans  For  1981  Airborne  Test Flight.'' 
(MSFC internal  note) 
Krause, M., DiMarzio2-  C.,  Buck, C., Wiley,  G.,  Bilbro,  J., 
Fichtl, ' G .  , Shaw, K. , Lee, R. 
"Airborne  Doppler  Lidar  Severe  Storms  Measurement  System," 
Coherent  Laser  Radar  for  Atmospheric  Sensing;  Aspen,  CO,  July 1980.
Bilbro, J. W. , Johnson, S. C. , Jones, W. D. , Riddle, A. N. , 
Gorzynski, E. J., Lee, R. W.; "Doppler  Lidar  Signal  Processor 
Comparison  Measurements ,'I Coherent  Laser  Radar  For  Atmospheric 
Sensing;  Aspen,  CO,  July 1980. 
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TITLE:  Severe  Storms  Doppler  Lidar  Signal  Processing 
RESEARCH  INVESTIGATOR: R. W. Lee 
Lassen  Research 
Manton,  CA  96059 
(916) 474-3966 
FY-81 ACCOMPLISHMENTS: 
In addition  to  providing  the  Doppler  processor  for  the  severe- 
storms airborne lidar system, a series of algorithms for windfield 
retrieval  was  defined  and  tested.  These  algorithms  were  developed  with 
three objectives in mind: 1) to produce vector flow fields on any 
desired grid system; 2) to minimize the impact of instrumental 
deficiencies  (low  signal-to-noise  ratio,  missing  measurements,  clutter) 
upon  the  accuracy,  continuity,  and  resolution  of  the  measurements; 3 )  
to  estimate  the  probable  error  in  the  flow,  divergence,  and  vorticity 
fields  through  use  of  internal  and  priori  information. 
These  objectives  were  met  through the'use of  an  adaptive  least- 
squares  surface  fitting  algorithm.  The  two  independent  scalar  fields 
(forward and aft radial velocity fields) are first edited by an 
algorithm which establishes measurement weights, and then fitted to 
quadratic  surfaces.  The  degree  of  smoothing  obtained  is  the  minimum 
amount  consistent  with  the  quality  of  the  measurements in each  region. 
PLANS  FOR FY-82: 
The  windfield  retrieval  algorithms  will  be  optimized to  match  the 
characteristics of the data obtained in the 1981 flight program. A 
study of the error sources in this data will be conducted: where 
possible,  the effects  ofhese  errors  will  beminimized; 
reconmendations  regarding  improvement  of  aircraft  instrumentation  may 
be  made. 
RECOMMENDATIONS  FOR NEW RESEARCH: 
The adaptive techniques used for windfield retrieval can be 
extended  to  the  recognition  and  quantification  of  convective  structures 
and  other  coherent  features  present  in  the  windfields, 
PUBLICATIONS  PREPARED  IN  FY-81: 
Processing  of  2-dimensional  lidar-derived  windfields,  20th  Conf. 
on Radar Meteorology, American Meteorological Society, Boston, Dec. 
1981. 
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T i t l e :  P r e l i m i n a r y   A s s e s s m e n t  o f  1 9 8 1  A i r b o r n e   D o p p l e r  
Lidar  Measurements  
R e s e a r c h   I n v e s t i g a t o r s  : George H. F i c h t l  
John  W .  Kaufman 
Marga re t  B . A 1  e x a n d e r  
Mail Code : ES82 
NASA M a r s h a l l  S p a c e  F l i g h t  C e n t e r  
M a r s h a l l   S p a c e   F l i g h t   C e n t e r ,  AL 35812 
T e l :  205/453-0875 
James T e l f o r d  
A t m o s p h e r i c  S c i e n c e  C e n t e r  
Desert R e s e a r c h  I n s t i t u t e  
P .  0 .  Box 60220 
Reno,  Nevada  89506 
Te l :  702/97211676 
D a n i e l  F i t z j a r r a l d  
David E m m i t t  
U n i v e r s i t y  S p a c e  R e s e a r c h  A s s o c i a t i o n  
NASA M a r s h a l l  S p a c e  F l i g h t  C e n t e r  
Mail Code: ES82 
M a r s h a l l   S p a c e   F l i g h t   C e n t e r ,  AL 35812 
J o h n  C a r r o l l  
U n i v e r s i t y  o f  C a l i f o r n i a / D a v i s  
D a v i s ,  CA 95616 
T e l :  916/453-3245 
William C .  C l i f f  
B a t t e l l e  P a c i f i c  N o r t h w e s t  L a b o r a t o r i e s  
R i c h l a n d ,  WA 99352 
T e l :  509/374-2024 
Richard  Doviak  
NOAA N a t i o n a l  S e v e r e  S t o r m s  L a b o r a t o r y  
Norman, OK 73069 
Te l :  405/360-3620 
Rober t  W .  Lee 
Lassen   Resea rch  
L a s s e n ,  CA 96059 
T e l :  916/474-3966 
S i g n i f i c a n t   A c c o m p l i s h m e n t s  FY81: 
D u r i n g  t h e  p a s t  r e p o r t i n g  p e r i o d  t h e  a i r b o r n e  t e s t  f l i g h t s  
o f  t h e  FlISFC Dopp le r   L ida r   Sys t em (DLS) w e r e  s u c c e s s f u l l y  
a c c o m p l i s h e d .   T h e s e   f l i g h t  t e s t s  c o n s i s t e d   o f  a s e r i e s  o f  
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experiments  aimed a t  1) engineer ing  check-out  of  the  DLS and 
2 )  a c q u i s i t i o n  o f  d e t a i l e d  wind f i e l d  d a t a  aimed a t  t h e  s t u d y  
of   severe   s torms   and   loca l   weather  phenomena.  The f l i g h t  t e s t s  
involved approximately 6 0  hours o f  f l i g h t  o f  t h e  DLS aboard  the  
NASA Convair 990 over  a one and one-half month period from mid- 
June   t o   t he   end   o f   3u ly   1981 .   n igh t   t e s t s   were   pe r fo rmed   i n   t h ree  
r e g i o n s  o f  t h e  U n i t e d  S t a t e s  - C a l i f o r n i a ,  Oklahoma,  and  Montana 
and neighboring s t a t e s .  
The C a l i f o r n i a  t es t s  involved 1) f l i g h t s  by  the  Walnut  Grove, 
1 5 0 0  f t  TV tower for  intercomparison s tudies  of  wind measured 
v i a  t h e  DLS and standard anemometers located on the  tower ,  2)  
f l i g h t s  i n  a n d  on the  wes tern  s ide  of  the  San  Gorgonio  Pass  to  
measu re  loca l  e f f ec t s  a s soc ia t ed  wi th  a i r  f l ow th rough  the  Pass ,  
and 3) f l i g h t s  a r o u n d  t h e  p e r i p h e r y  o f  t h e  C a l i f o r n i a  C e n t r a l  
V a l l e y  t o  a s s e s s  the n a t u r e  o f  f l ow in to  the  Cen t ra l  Va l l ey  
v i a   t h e   C o r t i n a s   S t r a i t s .  The Walnut  Grove  anemometer/DLS 
c o m p a r i s o n  f l i g h t s  w e r e  t h e  f i r s t  f l i g h t s  o f  t h e  DLS a f t e r  t h e  
i n i t i a l  e n g i n e e r i n g  c h e c k - o u t  f l i g h t ,  a n d  t h e  r e s u l t s  o f  t h e s e  
f l i g h t s  w e r e  i n t e n d e d  t o  p r o v i d e  d e c i s i o n  i n f o r m a t i o n  r e l a t i v e  
t o  w h e t h e r  o r  n o t  t h e  p r o j e c t  s h o u l d  p r o c e e d  w i t h  s c i e n t i f i c  
t e s t s  i n   C a l i f o r n i a ,  Oklahoma,  and  Montana. I t  t u r n e d   o u t   t h a t  
the  Walnut  Grove t e s t s   w e r e   s u c c e s s f u l .  The San  Gorgonio t e s t  
f l i g h t s  i n v o l v e d  two f l i g h t s  o f  t h e  CV-990 i n  and on t h e  
western s ide of  the San Gorgonio Pass  with support ive wind 
obse rva t ions   acqu i r ed  by Ca l i fo rn ia   Ed i son  Power Company. The 
C e n t r a l  V a l l e y  t e s t  f l i g h t s  i n v o l v e d  two f l i g h t s  o f  t h e  
CV-990 around  the  Central   Val ley  with  special   emphasis  on 
1 )   t h e   f l o w   t h r o u g h   t h e   C o r t i n a s   S t r a i t s  t o  es t imate   two- 
dimensional  f low  divergence  and 2 )  t h e  f l o w  a t  t h e  s o u t h e r n  
and  no r the rn  ex t r emi t i e s  o f  t he  Cen t ra l  Va l l ey .  
The  Oklahoma f l i g h t  t e s t s   c o n s i s t e d   o f   f o u r   f l i g h t s .   T h e s e  
t e s t s  i n v o l v e d  1 )  f l i g h t s  t o  acqu i r e  DLS d a t a   i n   c o n j u n c t i o n  
wi th  Doppler  radar  da ta  acqui red  wi th  the  NOAA/NSSL Doppler 
r ada r  fo r  i n t e rcompar i son  s tud ie s ,  and  2 )  a c q u i s i t i o n  o f  d a t a  
on a tmospher ic  boundary  layer  f lows ,  thunders torm gus t  f ronts ,  
c loud  en t ra inment  processes ,  and  f lows  assoc ia ted  wi th  hea t  
i s l a n d  e f f e c t s .  
The Montana f l i g h t  t e s t s  c o n s i s t e d  o f  f i v e  f l i g h t s  w i t h  t h e  
Coopera t ive   Convect ive   Prec ip i ta t ion   Exper iment  (CCOPE). These 
t e s t s  i n v o l v e d  f l i g h t s  t o  a c q u i r e  d e t a i l e d  d a t a  s e t s  on 1 )  
convec t ive  boundary  l aye r s ,  2 )  t hunde r s to rm co ld  a i r  ou t f lows ,  
3)  anvi l   c loud   f lows ,   and  4)  f lows   about   u r re t   c louds .   These  
t e s t s  a r e  p a r t i c u l a r l y  o f  i n t e r e s t  b e c a u s e  s u p p o r t i v e  d a t a  was 
acqu i r ed  wi th  CCOPE 1) a i r c r a f t  (Queen A i r  and S a b r e l i n e r ) ,  
2 )  su r face   obse rva t ion   ne twork  (PROBE), 3)  radar   ne twork  
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(Dopp le r  and  in t ens i ty  r e tu rns )  and  4 )  rawinsonde  network. 
In  t h e  two b o u n d a r y  l a y e r  f l i g h t  t e s t s  t h e  CCOPE p r o j e c t  
r e l e a s e d  c h a f f  p r i o r  t o  t h e  CV-990 f l i g h t  t e s t s  t o  i n s u r e  
Do.ppler radar   re turns   would   be   acqui red .   Fur thermore ,  
i n   s i t u  measurements of wind were acquired by the NCAR 
@ e a i r  a n d  S a b r e l i n e r  w i t h  g u s t  p r o b e s  i n  t h e  f i e l d  o f  
view of  the DLS approximately two miles from t h e  CV-990. 
The 1981 DLS f l i g h t  t e s t s  w e r e  s u c c e s s f u l  i n  a s  much a s  
1 )  e s s e n t i a l l y  a l l  s c i e n t i f i c  d a t a  a c q u i s i t i o n  p l a n s  w e r e  
accomplished 2) t h e  DLS per formed except iona l ly  well  w i th  
v e r y  l i t t l e  l o s t  d a t a  a c q u i s i t i o n  time due  to  ins t rument  
mal func t ions .  
Current Focus of Research Work: 
We a r e  c u r r e n t l y  p r o c e s s i n g  t h e  DLS d a t a  f o r  p r e p a r a t i o n  
o f  d a t a  s e t s  f o r  u s e  by members o f  t he  a tmosphe r i c  s c i ence  
c onmuni t y  . 
P l a n s   f o r  FY82: 
During 1 9 8 2  we w i l l  1 )  ana lyze  the  da t a  acqu i r ed  du r ing  
t h e  1 9 8 1  f l i gh t   p rog ram,  2) p lan   and   execute   ( i f   approved)  
a 1982 f l igh t   p rogram,   and  3 )  perform  ground-based   tes t s  
w i t h  t h e  DLS a t  MSFC. 
Recommendations f o r  New Research: 
The f u l l  p o t e n t i a l  o f  t h e  DLS has  no t  been  exp lo i t ed .  
R e s e a r c h  u t i l i z i n g  s c a n  modes o t h e r  t h a n  now i n  u s e  s h o u l d  
be  explored.  The DLS can  be programmed t o  do var ious   k inds  
o f  scanning - i n  p a r t i c u l a r  volume  scanning. Volume scanning 
cou ld  be  ex t r eme ly  use fu l  i n  the  s tudy  o f  sma l l  s ca l e  mot ions  
assoc ia ted  wi th  severe  s torms  and  loca l  weather  phenomena ,  
i . e .  en t r a inmen t  p rocesses  , gus t  f ron t s ,  boundary  l aye r s  , e t c .  
Downward look ing  Dopp le r  l i da r  cou ld  a l so  p rov ide  new i n s i g h t s  
into  severe   s torms  and  boundary  layer   phenomena,  i . e .  e n t r a i n -  
ment a t  t o p s  o f  c l o u d s , '  e t c .  
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